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F O R E W O R D  

This document i s  a summary of t h e  r e s u l t s  of t he  Saturn In-Fl ight  Experi- 
mental Payload Study. 
of General Dynamics f o r  t h e  George C .  Marshall Space F l igh t  Center of the Na- 
t i o n a l  Aeronautics and Space Administration under Contract No. NAS8-20236. The 
study was es tab l i shed  by the  Advanced Systems Off ice  of NASA-MSFC a s  pa r t  of an 
e f f o r t  t o  provide f o r  the order ly  and economic u t i l i z a t i o n  of space vehic le  
hardware i n  t h e  t a sks  devoted t o  the accumulation of s c i e n t i f i c  data .  

The ana lys i s  was performed by the  For t  Worth Division 

The complete r e s u l t s  of t h i s  study a r e  contained i n  the following volumes: 

Volume I - Summary 

Volume I1 - Technical Report: Design of In-Fl ight  Experiments 

Volume I11 - Technical Report: Computer Program Development and Methodology 

Volume I V  - U t i l i z a t i o n  Ins t ruc t ions  

This  study w a s  performed during the  period beginning J u l y  1965 and end- 
ing February 1966. The general  guidel ines  of t h e  study were s e t  f o r t h  by 
MEA-XSFC i ~ ?  R 3 Q  DCN 1-5-23-00009-01 and RFQ DCN 1-5-23-00010-01, and the  For t  
Worth Division has based the  study e f f o r t  on these  guidel ines  i n  order t o  
ob ta in  t h e  r e s u l t s  described herein.  
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1.0 I N T R O D U C T I O N  

1.1 GENERAL 

This document i s  a sunnnary of the  r e s u l t s  of the  Saturn In-Flight Experi- 
mental Payload Study. 
General Dynamics f o r  the George C .  Marshall Space F l igh t  Center. 

The study was performed by the For t  Worth Division of 

By the u t i l i z a t i o n  of the  secondary payload capab i l i t y  of the Saturn fam- 
i l y  of launch vehicles ,  NASA can provide an e f f i c i e n t  means fo r  conducting the 
la rge  number of Earth o r b i t a l  experiments t h a t  has been suggested by the scien- 
t i f i c  community. Since it is  t o  be assumed t h a t  the  mission of each launch 
vehicle  i s  designed t o  a t t a i n  spec i f i c  object ives  associated with the  primary 
payload only, it is e s s e n t i a l  t h a t  the  i n - f l i g h t  experiments and the  launch 
vehicle  be properly mated t o  provide for e f f i c i e n t  u t i l i z a t i o n  of the  remaining 
mass and volume capab i l i t y  of the launch vehicle and f o r  the  accomplishment of 
a high percentage of the  experiment data acquis i t ion  object ives .  
combination of numerous vehicles  with varying missions and c a p a b i l i t i e s  and a 
large number of experiments with varying requirements, the evaluation of the 
vehicle/experiment mating presents a s igni f icant  management problem. The basic 
object ive of the  Saturn In-Flight Experimental Payload Study is  t o  provide NASA 
with a management t o o l  i n  the  form of a computer program which can be used t o  
make a rapid evaluation of numerous poten t ia l ly  a t t r a c t i v e  space experiments 
t h a t  cons t i t u t e  possible secondary in - f l i gh t  payloads f o r  t he  Saturn family of 
launch vehicles .  

Because of the 

1 . 2  APPROACH 

To a t t a i n  t h i s  overa l l  study objective,  two major study tasks  were speci- 
f ied :  (1) an ana lys i s  of the physical cha rac t e r i s t i c s  of sensors and associa- 
ted  equipments f o r  use a s  possible experimental payloads on Saturn-class vehi- 
c l e s  and the mission effect iveness  values of these experiments as  a function of 
the i n i t i a l  elements and/or mission parameters of the deployed o r b i t ,  and (2) 
the  development of a computerized methodology f o r  the technical  evaluation and 
r a t i n g  of these poten t ia l  i n - f l i gh t  experimental payloads. 

The technical  approach used throughout the  study i s  based on the develop- 
ment of Program SEPTER, (Saturn Experimental Payload Technical Evaluation and 
- Rating). Two fundamental c r i t e r y a  a r e  employed i n  PrGgram SEPTER t o  evaluate 
the  experiments t h a t  a r e  being considered f o r  possible inclusion on a Saturn 
f l i g h t :  (1) physical compat ibi l i ty  of t he  experiments with possible locat ions 
aboard the  vehicle ,  and (2) experiment/mission effect iveness .  Experimentimis- 
s ion  e f fec t iveness  i s  defined a s  the  percent of the data  acquis i t ion  object ives  
which would be a t t a ined  by including a par t i cu la r  experiment on a given Saturn 
f l i g h t .  The physical compat ibi l i ty  of an experiment package with a vehicle lo- 
ca t ion  r e f e r s ,  i n  t h i s  study, not only t o  mass/volume compatibi l i ty  but a l s o  
t o  compatibi l i ty  with the thermal, acoustic,  v ibra t ion ,  and electromagnetic 
environments. 

The bas ic  program plan shown i n  Figure 1-1 was developed by the  For t  Worth 
Division of General Dynamics t o  achieve the  object ives  set fo r  t h i s  study. The 
use of t h i s  approach permits (1) an analysis  of the physical c h a r a c t e r i s t i c s  
and mission s e n s i t i v i t y  of experiments of i n - f l i g h t  payloads f o r  Saturn-class 
vehic les ,  and (2) the determination of a computer methodology f o r  the technical  
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Figure 1-1 BASIC PROGRAM PLAN 

evaluat ion and r a t i n g  of these i n - f l i g h t  experimental payloads. The technica l  
plan i s  divided i n t o  the individual  study a r e a s  assoc ia ted  with the  experiments- 
r e l a t e d  t a s k  (Task I) and the  computer methodology development t a sk  (Task 11). 

1.3 GUIDELINES AND GROUND RULES 

A number of guidel ines  and ground r u l e s  were formulated a t  the  beginning 

The experiments considered 
of t he  study i n  order  t o  e s t a b l i s h  the  o v e r a l l  study philosophy and t o  l i m i t  
the  scope of the experiment and vehicle  analyses .  
i n  t h i s  study cons t i t u t e  secondary payloads i n  t h a t  the  missions on which these 
experiments may be flown have been designed t o  a t t a i n  the  spec i f i ed  objec t ives  
associated w i t h  the  primary payload. 
were used i n  t h e  mission c h a r a c t e r i s t i c s  l i b r a r y  of t he  computer program a r e  
the  Saturn IB/Apollo f l i g h t  t e s t  missions. 
mand Module, Service Module, and Lunar Excursion Module) i s  the  primary payload, 
and any addi t ional  experimental packages c a r r i e d  on these f l i g h t s  a r e  secondary 
payloads. Although o ther  vehicle  configurat ions w i l l  eventual ly  be included i n  
the launch vehicle/primary payload c h a r a c t e r i s t i c s  l i b r a r y ,  the  Saturn IB/Apollo, 
including the  Command Module, the  Service Modules, and the Lunar Excursion 
Module, was chosen a s  the basel ine configurat ion f o r  t h i s  study. 

For example, t he  primary missions which 

The bas ic  Apollo spacecraf t  (Com- 

The For t  Worth Division of General Dynamics acknowledges the  prerogative 
and r e spons ib i l i t y  of NASA t o  def ine and approve i n - f l i g h t  experiments. How- 
ever ,  i n  order  t o  understand how the  computer methodology may be a f f ec t ed  by 
d i f fe rences  i n  (1) the  physical c h a r a c t e r i s t i c s  of experiment packages and vehi- 
c l e  c a v i t y  loca t ions ,  and (2) t he  requirements f o r  r e a l i s t i c  examples Of 
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experiment e f fec t iveness ,  i t  was necessary f o r  the For t  Worth Division t o  def ine 
a number of po ten t i a l ly  a t t r a c t i v e  in - f l i gh t  experiments. 
f igura t ion  designs f o r  these experiment packages, primary emphasis w a s  placed 
on self-contained packages; t h a t  i s ,  consideration was not  given t o  using the 
support c a p a b i l i t i e s  of on-board equipments o r  t o  the  p o s s i b i l i t y  of shar ing 
subsystems among experiments. The experiment packages w e r e  designed t o  assure  
t h a t  they do not i n  any way i n t e r f e r e  with the primary payload. 
the  package designs were based on t h e  assumption t h a t  only a minimum of as t ro-  
naut pa r t i c ipa t ion  w i l l  be allowed, i . e . ,  only t o  e f f e c t  off-on switching, f i lm  
r e t r i e v a l ,  etc.  

I n  e s t ab l i sh ing  con- 

Furthermore, 

1.4 SUMMARY OF MAJOR STUDY ACCOMPLISHMENTS 

The major t a sks  which have been accomplished as a r e s u l t  of t h i s  study 
e f f o r t  a r e  summarized below, 

1. From the  l i s t  of 85 experiments provided i n  NASA Experiment D e s c r i p  
t i ons  f o r  Extended Apollo Earth-Orbit F l i g h t s ,  30 experiments were 
se lec ted  
with the study ground ru l e s .  The following were accomplished i n  the  
case of each of these 30 experiments: 

which w e r e  representat ive of the  l i s t  and were compatible 

a. The physical  cha rac t e r i s t i c s  of t he  experiment sensors and the  
a n c i l l a r y  systems(at t i tude con t ro l ,  da ta  automation, communications, 
e l e c t r i c  power, and thermal cont ro l )  were defined. 

b. The thermal, v ibra t ion ,  acoust ic ,  and electromagnetic environmental 
requirements were establ ished.  

C .  Conceptual design drawings w e r e  prepared, and the mass, volume, 
and geometry of t he  experiment were determined. 

d. The requirements fo r  deployment were defined. 

e .  Preliminary r e l i a b i l i t y ,  development schedule, and c o s t  analyses 
were performed . 

2. The pe r t inen t  mission c h a r a c t e r i s t i c s  ( t r a j e c t o r y  parameters, sequence- 
of-events ,  and experimental payload possible  deployment modes) of a 
t y p i c a l  Saturn IB/Apollo Ear th-orb i ta l  mission were defined and 
analyzed. 

3. A t o t a l  of 53 c a v i t i e s  (poten t ia l  payload loca t ions)  were i d e n t i f i e d  
oii the Saturc IB/Apelln vehicle. The following were accomplished i n  
t h e  case of each of the 53 cav i t i e s :  

a. Isometric drawings w e r e  prepared showing the cav i ty  shape and 
volume. 

b. The mass capac i ty  was determined. 

c. The thermal, v ibra t ion ,  acoust ic ,  and electromagnetic environ- 
ments were establ ished.  

d.  The deployment capab i l i t y  w a s  defined. 

3 



4. 

5 .  

6 .  

7 .  

A methodology was developed f o r  descr ibing experiment and cav i ty  
volume/geometry by the use of standard geometric shapes (sphere,  
cy l inder ,  and paral le lepiped) .  Each experiment w a s  represented by i t s  
t o t a l  volume and t h e  standard shape of i t s  c r i t i c a l  component. 
cav i ty  was defined by i t s  t o t a l  volume and by i t s  capac i ty  t o  contain 
t h e  standard shapes. 

A methodology f o r  describing experiment e f fec t iveness  a s  a funct ion of 
t h e  i n i t i a l  elements and/or mission parameters of the  deployed o r b i t  
was developed, and parametric e f fec t iveness  analyses were performed on 
example experiments. 

Each 

A computer program (SEPTER) was developed t o  evaluate  and rate in- 
f l i g h t  experimental payloads. 
gram a re  a r e s u l t  of the  development of some unique and s impl i f ied  
methodologies which are reasonably accurate  f o r  the  so lu t ion  of 
general ly  complex problems. 

The o v e r a l l  c a p a b i l i t i e s  of t h i s  pro- 

These methodologies include the following: 

a. 

b. 

C .  

d. 

The simulation of experimental payload deployment modes and the  
ca lcu la t ion  of the  o r b i t a l  elements and/or mission parameters f o r  
the  deployed o r b i t .  

The computation of experiment/mission e f fec t iveness  as a funct ion 
of the i n i t i a l  o r b i t a l  elements of t he  deployed o r b i t .  
was developed i n  which th ree  types of e f fec t iveness  f a c t o r  rela- 
t ionships  are u t i l i z e d :  (1) continuous function of two va r i ab le s ,  
(2) s t e p  function of two va r i ab le s ,  and (3) continuous o r  s t e p  
function of one var iab le .  Two i n t e rpo la t ion  techniques a r e  ava i l -  
able. 

A technique 

The determination of the  experimenta 1 payload- m i s  s ion /vehic l e  c om- 
p a t i b i l i t y  with numerous physical  and operat ional  c r i t e r i a .  
reasonably simple technique was developed f o r  t h e  determination 
of geometric compat ib i l i ty  between a r b i t r a r i l y  shaped c a v i t i e s  and 
experimental payloads represented by standard shapes. 

A 

The determination of mul t ip le  experimental payload arrangements 
aboard a vehicle .  
cons t ra in ts  and d i r e c t l y  searches f o r  a non-unique "optimal" 
arrangement. 

A technique w a s  developed which s a t i s f i e s  a l l  

A computer program (DESIGN) f o r  determining l imi t ed  physical  charac- 
ter is t ics  of a r b i t r a r y  experiments was developed as a support program 
f o r  Program SEPTER. 
t asks  of designing experimental payloads and provides " f i r s t -  pass" 
estimates of mass and volume requirements. 

DESIGN replaces  the  manual subsystem synthes is  

4 
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2.0 O V E R A L L  C O M P U T E R  P R O G R A M  

P H I L O S O P H Y  A N D  L O G I C  

Computer Program SEPTER provides NASA with a management tool with which to 
evaluate and rate numerous potentially rewarding space experiments that con- 
stitute possible secondary in-flight experimental payloads for the Saturn fam 
ily of launch vehicles. 
tion of data, it is possible to continuously update the experimental payload 
evaluation and rating from the conceptual design stage through the fixed design 
stage, and in some cases up to the actual launch date. 

Because SEPTER provides for the comprehensive manipula- 

2.1 CAPABILITIES AND UTILIZATION 

The evaluation and rating of experimental payloads is based on two funda- 
mental criteria employed in Program SEPTER: 

1. Physical and operational compatibility of the experimental payloads 
with a given vehiclelprimary payload and mission, 

2. Experiment/mission effectiveness, ioe., percent accomplishment of data 
acquisition objectives. 

SEPTER methodology is broad in scope yet sufficiently accurate to provide 
meaningful results. 
methodology rather than the development of specific data for use in the program. 
Although specific data were developed, these data are only representative of 
the missions, vehicles, and payloads (both primary, ioe., the Saturn/Apollo con- 
figuration, and secondary) which can be handled with the computer program. 
Other data can be readily loaded for use in the program. 

The primary objective was the development of a program 

The overall capabilities and the method of utilization of Program SEPTER 
The program contains provisions for operating 
In the Mode I operation, single experimental 

are illustrated in Figure 2-lo 
in two basic modes of analysis, 
payloads are analyzed with respect to (1) physical compatibility with a speci- 
fic vehicle location (e.go, voiumeigeomtry, attachzent m s s i  and environmental 
field criteria such as thermal, acoustic/vibration) , (2) operational compati- 
bility (e.g., launch date and deployment mode), and (3) effectiveness in accom- 
plishing their data acquisition objectives. In the Mode I1 operation, multiple 
experimental payloads are analyzed for possible arrangements which satisfy all 
compatibility constraints and allow a near-maximum number of experimental pay- 
loads to be placed aboard the vehicle, 

The mission/vehicle/primary payload data and the experimental payload data 

Various combina- 
for SEPTER are stored in the form of libraries. 
vides a high degree of flexibility in the use of the program. 
tions of mission/vehicle/primary payload - experimental payloads may be selected 
at the user's discretion for use in SEPTER. 
readily updated, 
other spacecraft (e,g., Apollo Applications - LEM Lab, NASA Can, etc.), mis- 
sions, and payloads, 

This method of storage pro- 

Preliminary definitions may be 
The libraries may be easily modified and expanded to include 
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DEGREE OF COMPATIBILITY 
OR INCOMPATIBILITY OF 
EACH ARRANGEMENT 

Figure 2-1 SATURN EXPERIMENTAL PAYLOAD TECHNICAL EVALUATION AND RATING 

2.2 GENERAL CONSTRUCTION AND OPERATION 

In Figure 2-2, the overall flow of calculations in Program SEPTER is shown 
schematically, including the types and forms of data inputs, the major areas of 
analyses (designated as subroutines), and the types and forms of output data 
for each mode of operation. 

Mode 0 is not an analysis mode; its function is to perform unit conversions 

(The use of a binary library 
and compile binary library tapes of mission/vehicle/primary payload character- 
istics from card decks for direct input to Mode I. 
tape makes it possible to decrease computer running time and makes data conver- 
sion, and the storage of internal and external data other than card decks more 
efficient . ) 

Mode I is the operational mode in which the compatibility and effectiveness 
of a single experimental payload is analyzed. 
consist of the mission/vehicle/primary payload library data (binary library 
tape), the experimental payload characteristics library data (card decks), and 
problem control data (card decks). 
tapes, select computational options, and specify overrides for the binary li- 
brary tape input data. Depending upon the options selected, a limited number 
or all of the analysis subroutines shown in Figure 2-2 are utilized. For ex- 
ample, either the compatibility or the effectiveness analysis may be selected 
independently. 
specify, for example, a new launch date or a different excess payload capa- 
bility. 

As shown in Figure 2-2, inputs 

Problem control data is used to identify 

Similarly, the overrides in the problem control m y  be used to 

The output of Mode I is in the form of printed results and, if 

. '  
I 

i 

I 
I 
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S E P T E R  

Figure 2-2 COMPUTATION FLOW DIAGRAM 

spec i f i ed ,  a l i b r a r y  deck containing the required input f o r  Mode 11. 
brary deck cons i s t s  of l i b r a r y  data u t i l i z e d  i n  Mode I plus the computed com- 
p a t i b i l i t y  r e s u l t s  per ta in ing  t o  individual experiments. 

This li- 

The ex terna l  ana lys i s  required between the  operation of Modes I and I1 
cons i s t s  i n  the formulation of preference lists which e s t ab l i sh  the  desired 
order  ( p r i o r i t y )  i n  which experiments are t o  be loaded aboard the vehicle.  

Mode I1 is  the  operetisnal m d e  of Program SEPTER which is  used t o  analyze 
s iu i t ip ie  experimental payload compatibi l i ty  and arrangement configurations 
aboard the  vehicle.  The inputs  i n  Mode 11 cons i s t  of a preference l i s t ,  a com- 
p a t i b i l i t y  l i b r a r y  deck (from Mode I output) ,  problem cont ro l  data,  and l i b r a r y  
overr ides .  
determined placements f o r  a r b i t r a r y  experiments, de le t ion  of c a v i t i e s ,  and 
opt iona l  pr in t -out  of diagnost ic  data.  The output of M d s  I1 is i n  the form of 
p r in t ed  r e s u l t s  i n  whish t h ~  uccepted experimental payloads from the preference 
iist and t h e  cav i t i e s  within which they have been placed according t o  the pre- 
determined and optimal arrangement analyses a r e  l i s t e d .  

These problem con t ro l s  and overrides cons i s t  o f ,  for  example, pre- 
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3.0 A P P R O A C H  T O  D E S I G N  O F  

I N - F L I G H T  E X P E R I M E N T S  

It has been previously acknowledged that NASA has the prerogative and 
responsibility to define and approve in-flight experiments. It was necessary, 
however, in order to develop a workable computer methodology for the evalua- 
tion of such experiments, to define a number of experiments in order to estab- 
lish typical requirements in terms of the physical characteristics of the pack- 
ages and experiment data gathering objectives. 
ing these typical experiments is outlined in Figure 3-1. 

The approach taken in defin- 

GUiDELiNL Lgeriments Are b be Ddind Only to Esbbllrh Requirements 
d Rcpraenbtive Experiment Rclognmd ExpsrimenUMission 
WectivenM 

APPROACH : 

Examine NASA I . I 
Experiment 
Descriptions tor 
Mended Apoiio 
Earth-Orbit Flights 

Prepare A Preliminary 
List of Experiments 
Whkh Haw A potentirl 
AwliUtion As Ssandlry 
In-Fllght Experiments 

I65 Exprimenkl 

~lplica,;:~;meits Define 

0 DATA ACQUISITION 

PACKAGE PHYIICU 
REQUIREMENTI 

I f I CHARACTERISTICS 

0 SCIENTIFIC AND TECHNOLOGICAL EXPERIMENT CATEGORIES I 
I. SYSTEMS DEVELOPMEM AND TEST 4. SOUD,4lOUlD/GAS BEHAVIOR 
2. MATERIALS AND STRUCTURES 5. MICROORGANISMS 
3. MULTISPECTRAL IMAGERY OF WE 6. OBSERVATIONS OF THE EARTH’S ATMOSPHERE 

EARTH A N )  ORBITING OBJECTS SPACE ENVIRONMEM, ASTRONOMICAL 
PHENOMENA 

Figure 3-1 APPROACH TO DEFINITION OF EXPERIMENTS 

experiments listed therein were exam- 
ined to determine which of them might 
be performed as a secondary in-flight 
experiment. 
were eliminated from consideration be- 
cause of their incompatibility with the 
guidelines and ground rules established 
for the study. In a number of the ex- 
periments, for example, either a large 
payload capability or an excessive 
amount of astronaut participation was 
required. It was found that approxi- 
mately 65 of the 85 experiments con- 

A number of the experiments 

tained in this document could be defined as secondary in-flight experiments . 
Each of these 65 experiments was examined in terms of the physical charac- 

teristics of the experiment package (size, mass, etc.) , the operational require- 
ments for the sensor (deployment, viewing, etc.), and the data gathering re- 
quirements related to elements of the orbit in which the sensor must be deploy- 
ed. In this manner, 30 representative experiments were selected from the list 
of 65, Thin list of 30 was composed of 5 experiments in each of the six scien- 
tif ic and technological experiment categories indicated in Figure 3- 1 . 
physical characteristics of the package, detailed objectives, and data acquisi- 
tion requirements were determined for each of the 30 experiments, 

The 

Ancillary system characteristics were defined in the system detailed design 
on the basis of requirements related to the sensors, the experiment operations, 
and the e~~virnwent .  
ancillary systems were then used in achieving a configuration design for each 
experiment package. The results of the efforts on the individual in-flight ex- 
periment package designs have been expressed in terms of mass, volume/geometry 
(including critical dimensions), and other characteristics and have been stored 
on library magnetic tapes for use in the SEPTER computer program. 

The physical characteristics of experiment sensors and 

A support program, DESIGN, has been developed for the limited synthesis 
of arbitrary experiments, 
methodology is shown in Figure 3-2. 
have been defined to satisfy the given input requirements by means of analyti- 
cal representations either in the form of curve fits or characteristics stipu- 
lated for required components. 

The approach used in the development of the computer 
The characteristics of ancillary systems 
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PROGRAM DJ_SM;tj - OVERALL CONSTRUCTION A N D  OPERATION 

DESIGN 

CURVE FITS 

Inputs ATTITUDE CONTROL 

Stored gas 
z system 

LIFETIME 
I 

COMMUNICATIONS x- *component! as required 

I ,  
CURVE FITS 

1 I 
.THERMAL CONTROL 

IRequirementsr , ?fl 
Water boiler 

2 Radiator - I HEAT DISSIPATION 

outputs 

POWER 

STRUCTURAL MASS 

= m x E System masses 

ASSEMBLED VOLUME 

= n x E System volumes 

Figure 3-2 APPROACH TO LIMITED SYNTHESIS OF EXPERIMENTS 
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4.0 D E F I N I T I O N  O F  

E X P E R I M E N T S  

2 Materials and Structures 

I 
3. Multispectral Imagery of the Earth 

and Orbiting Objects 

4 SolidlLiquidlGas Behavior 

5. Microorganisms 

6. Observations of the Earth‘s Atmos- 
phere, the Space Environment, and 
Astronomical Phenomena 

4.1 SELECTION OF A REPRESENTATIVE SAMPLE 
OF POTENTIALLY APPLICABLE EXPERIMENTS 

SDT-4 
SDT-5 

MS-l 
MS-2 
MS-3 
MS-4 
MS-5 

CRYOGENIC PROPELLANT STORAGE SYSTEM PERFORMANCE 
LAUNCH OF UNMANNED SATELLITES AND PROBES 

DEGRADATION OF ORGANK MATERIALS IN A SPACE ENVIRONMENT 
BEHAVIOR OF LIQUID FILMS IN A SPACE ENVIRONMENT 
VAPORIZATION RATE OF MOLTEN METALS 
COLD WELDING OF METALS IN A SPACE ENVIRONMENT 
SPRAY COATING AND SURFACE CONTAMINATION IN A SPACE 
ENVIRONMENT 

MI-1 MULTISPECTRAL SURVEILLANCE OF EARTH 
MI-2 
MI-3 RADAR SURVEILLANCE OF EARTH 
MI-4 ELECTRONIC IMAGE MOTION STABILIZATION 
MI-5 SYNOPTIC EARTH CARTOGRAPHY 

SLG-I BOILING IN ZERO-GRAVITY ENVIRONMENT 
SLG-2 NUCLEATE CONDENSATION IN ZERO-GRAVITY 
SLG-3 FORMATION OF SINGLE CRYSTALS 
SLG-4 

SLG-5 ZERO-GRAVITY COMBUSTION 

M-l 

M-2 

M-3 

M-4 

M-5 

INFRARED LINE SCAN SURVEILLANCE OF EARTH 

SEGREGATION OF IMMISCIBLE LIQUIDS UNDER ZERO-GRAVITY 
CONDITIONS 

SOFT CAPTURE, ENUMERATION, AND IDENTIFICATION OF SPACE- 
BORNE MICROORGANISMS 
EFFECTS OF SPACE FLIGHT ON MORPHOLOGY, GROWTH, AND LIQUID/ 
GAS SEPARATION IN MICROORGANISMS 
INHERENT MUTATION RATES IN MICROORGANISMS AND EFFECTS OF 
EXTENDED SPACE FLIGHT O N  THE EXPRESSION OF THE MUTATION 
DETERMINATION OF THE MIGRATION OF MICROORGANISMS IN A 
> r H c c u w r  I civv inuivmEiv i  
PRODUCTION OF NUTRIENTS BY CERTAIN MICROORGANISMS WHILE IN 
SPACE FLIGHT 

r-. L r l ”  I-- r. I.,.,._. I...-..- 

OEA-I RADIATION ENVIRONMENT MONITORING 
OEA-2 
OEA-3 
OEA-4 COSMIC RAY EMULSION EXPERIMENT 
OEA-5 EMISSION LINE RADIOMETRY 

STUDY OF MAGNETIC FIELD LINES 
TEST OF PROTOTYPE STAR TRACKER 

The experiments which were selected f o r  inclusion i n  the experiment 
c h a r a c t e r h t i c s  l i b r a r y  of Program SEPTER are l i s t e d  i n  Table 4-1. 
periments are grouped under the six s c i e n t i f i c  and technological experiment 
ca tegor ies  which were establ ished by the For t  Worth Division t o  ensure broad 
coverage of the s c i e n t i f i c  and technical d i sc ip l ines  out l ined i n  the document 
NASA Experiment Descriptions f o r  Extended Apollo Earth-Orbit F l igh ts .  

These ex- 

TABLE 4-1 
LIST OF SELECTED IN-FLIGHT EXPERIMENTS 

SDT-l RADIOISOTOPE-THERMOELECTRIC POWER SYSTEM INTEGRATION 
SDT-2 PERFORMANCE ASSESSMENT OF THIN-FILM SOLAR CELL ARRAYS 

PERFORMANCE ASSESSMENT OF SPACECRAFT NAVIGATION, 
GUIDANCE AND CONTROL HARDWARE AND TECHNIQUES I 1. Systems Development and Test I SDT-3 

It should be noted t h a t  these s ix  ca tegor ies  w e r e  selected primarily f o r  
convenience In  def ining typ ica l  experiments; consequently, they are only a 
genera l  ind ica t ion  of the broad range of experiment ca tegor ies  t ha t  are 
a c t u a l l y  covered by the selected 30 experiments. The re la t ionship  of the 30 
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UAUU *nnl Dynmkr 
spu Sclalcr 

2 I rnyIicIy BIOSCIENCE SCIENCES 

sum for *e cpntlarr 

OCA-I, M-I, M-2, OEA-2. M-3 OEA-4, Y G I .  YGZ, YO3 

3 u l t o N o M Y / u l t o r H y I I c s  OEA-5 

I I IOMDICINVYHAVIOI  NONE 
s *DvuIcm TECHNOLOGY AND 

S V t O l l l N G  RESEYCH Iol-3, SDl-4 
6 EXIRAMHICUY ENGINEERING *tllVlllES *Io-I. *Io-I,  *Io-3, *Io-4, *Io-5, - 1 - I ,  -1-5 
I OIttAllONS TECHNIWU AM *PVANCW 

8 A l y o l ~ ~ R l C  SCIENCE W D  1lCYNUOOY OCA-I 

MISSION YACECRMl SllBSyIrtU3 SDI-1 

mm wntd AOplkationr 

OCMW SCIEKES AND RESWRCCLI 
s m i r m  BY 
MI-I, M C I ,  
MI-3, AND MI-5 MI4 

NOH 

I V AGt ICUlu IVFUESl lY  
10 GEMOGY/HVDROLOGY 
I I OCEANOGIUHY/M*IINE 1ECHNOLOGY 
12 cfoGtunY 

I3 COYYINICAIIONS bND NAVIGAlION/ 
IVSFIC CONlROL 

4 .2  SUMMARY OF SELECTED EXPERIMENTS AND THEIR REQUIREMENTS 

ered by at least one of the 30 ex- 
periments. These areas are (1) 
Biomedicine/Behavior, and ( 2 )  Com- 
munications and NavigatiodTraffic 
Control. The Biomedicine/Behavior 
area is not covered because the ex- 
periments in this category are not 
compatible with the study ground 
rule concerning minimum astronaut 
participation. A number of experi- 
ments in the area of Conrmunications 
and NavigatiodTraffic Control 
listed in NASA Experiment Descrip- 

A summary of sensor requirements for the 30 selected experiments is pre- 
sented in Table 4-3. From an examination of the table it can be seen that a 
considerable variety in requirements has been encountered in choosing these 
representative experiments. For example, duty cycle requirements range from 
a few minutes per day to continuous operation. 
quired varies from 2 hours to 1 year. 
for accuracy, resolution, and data recovery also tend to be peculiar to each 
particular experiment. 

The in-flight duration re- 
As might be expected, the requirements 
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Duty 
Cycle 

Sensors 

TABLE 4-3 
SUMMARY OF SENSOR REQUIREMENTS 

Data Recovery 

Telemetry Capsule 
Accuracy In-Flight 

Duration 

I 

l. Systems Development and Test d 
d 
d 
d 

SDT-1 C 0 2  CONCENTRATOR, 

SDT-2 SOLAR COLLECTORS 10-30MINUTES 

1 

RTEGr H 2 0  EVAPORATOR COMIMJOUS 60 DAYS 

- + 0.5 VOLT 2OF TEMP 
+ 0.1 Ah4PERE 1 YEAR 

STANDARD CELLS EACH WEEK 

SDT-3 IMU, TRACKERS, 30 MINUTE PERIODS 14 DAYS POSITION 0.01 N.MI. ACCEL lodg 
HORIZON SCANNER, COMPUTER IO- 30 HOURS OPERATION VELOCITY 0.01 FPS ANGLE 1 SEC. 

4 DAYS POINTING L 3 DEGREES SDT-4 SUN SENSOR 

SDT-5 ENERGETIC 

INSTRUMENTATION: TEMP, PRESS, FLOW CoMINUoUS 

PARTICLES WRORER 

f Materials and Structures d 2 HOURS EVERY 30 DAYS TEMP L 3'R MS-l SUN SENSOR 

MS-2 
THERMOCOUPLES IO HOURS 

d 
d 
d 

10 MINUTES 
EACH APOGEE " 'OURS 

VAPORIZATION SENSOR 20 MIN. TO 4 HOURS 29H0URS 

15 HOURS 

LIQUID FILM SENSOR 

THERMOCOUPLES I8 PERIODS TEMP +IO°F 
MS-3 

MS-4 COLD WELD 10 PERIODS 

MS-5 
SENSOR 4 HOURS 

SPRAY COATING 3 PERIODS 
SENSORS 2 HOURS 6 IO M I N  2 3  

3. Multispectral Imagery of 

the Earth and Orbiting objects 

PHOTOGRAPHIC CAMERAS, 
SPECTRORADIOMETERS, Y/h SENSOR 

MI-2 IR LINE SCANNER 

MI-3 
SIDE LOOKING RADAR 

MI-4 CAMERA,. TELESCOPE 
FI NDER/TRACKER 

MI-5 CAMERA 
V/h SENSOR 

POINTING+ 1.5 DEG 40 DATA RUNS 
I MINUTE EACH 

15-20 DATA RUNS 
- d 

d 
d 

3-4 
EACH 2 WEEKS POINTING:: ~~~~~~ 

I HOUR PER WEEKS 30 METERS GROUND RESOLUTION 

50 PER DAY 
20 SECONDS EACH 

5 RUNS PER DAY 
I EACH 20 DAYS 25 m. VERT GRND RESOLUTION 

DAY (185 Km ORBIT) 

I WEEK 12.2 METERS GROUND RESOLUTION 
(185 Km ORBIT) 

15 m. HORlZ GRND RESOLUTION d TIME 0.01 SEC 

d d ,  TEMPERATURE + I°K 1 OPERATIONAL HOURS 
SLG-I 

CYCLE PRESSURE 2% 4. SolidlLiquidlGas Behavior HI-SPEED CAMERA 

d SLG-2 I OPERATIONAL 24 HOURS TEMP 0.2OC TIME 0.1 SEC 

TEMp:2O0c TIME 1 SEC 
PRESS I x IO-1 torr 

CYCLE PRESS 0.1 pi PHOTOMETER 

d 
d 

EACH ORBIT 15 HOURS 

8 TEST CELLS 

SLG-3 SOLAR COLLECTOR 
PHOTOCELL PYROMETER 

CAMERAS 6-IOMINUTES EACH 2 HOURS 0.1 mrn DRORET DIAMETER 
SLG-4 

: o::LA:!cF!.IL SLG-5 "...rrlI"r T"..lC,,, l C C D C  

THERMOCOUPLES, GAS CHROMATOGRAPH CYCLE TEMP I°C PRESS 0.1 pi 
1 ma DRORET MASS. TIME 0. I SEC 35 

rnL_J_IYnL In-, 

14 DAYS M-l MICROSCOPE 
5. Microorganisms TY CAMERA 

M-2 SPECTROPHOTOMETER OBSERVATIONS EVERY 3,5 DAYS 
MICROSCOPE, GAS CHROMATOGRAPH 4-6 HOURS 

M-3 MICROSCOPE 1 HOUR EVERY 10 DAYS 
TV CAMERA 2 DAYS 

EVERY 2 DAYS 30 DAYS M-4 MICKO>CUF't 
TV CAMERA 

PHOTOMETER 
EVERY HOUR FOR 5 DAYS 
THEN ONCE EVERY 2 DAYS l 5  DAYS 

M-5 

d 
d 
d 
d 
d 

1 
MICRON RESOLUTION 

MICRON RESOLUTION 

100 MICRONS RESOLUTION 

1OX MAGNIFICATION 

TYPICAL PHOTOMETRIC 
RESOLUTION 

13 

CONTINUOUS OEA-I SPECTROMETERS 
6. Observations d the Earth's DETECTORS 

ELECTRON GUN 
MAGNETOMETER 

CONTINUOUS 
OEA-2 Atmosphere, the Space 

Phenomena 
Environment, and Astronomical OEA-~ 2 STAR TRACKERS 6 - I MIN. READINGS 

INERTIAL PLATFORM EACH 4 ORBITS 

0EA-4 NUCLEAR EMULSION I OPERATIONAL 

OEA-5 INTERFEROMETER 20 MINUTES 

CYCLE PACKAGE 

TELESCOPE EVERY 2 DAYS 

3.5 DAYS 57 DEG RESOLUTION 

3.1 DAYS 
ORBITS) POINTING 

DAYS ANGLE RESOLUTION 1 SEC 
POINTING 0.5 DEG EA. AXIS 

HALF CONE ANGLE 40 DEG 
POINTING I DEG 

5 DEG 

4 
DAYS 

d 14 DAYS 5% 
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5.0 D E F I N I T I O N  O F  A N C I L L A R Y  

S Y S T E M S  

5.1 GENERAL 

The definitions of experiment sensor requirements were used to determine 
the functional requirements to be specified for ancillary systems such as 
attitude control, data automation, communications, power, and thermal control. 
An effort was made in the case of each experiment to employ the most promising 
system concepts possible with state-of-the-art components. Experiment pack- 
age configurations were designed to ensure design feasibility, to obtain the 
required physical characteristics, and to allow interpretation of the experi- 
men t package/ launch vehic le inter face, 

Power requirements, sensor pointing requirements, and the necessity, in 
some cases, of physically recovering a portion of the experiment package in- 
fluenced the definition of the physical characteristics of the overall experi- 
ment package. Other analyses have been made, and other requirements have been 
delineated for each experiment package to produce the total required outputs 
to be stored on the experiment characteristics library tape. 
outputs include information on such characteristics as mass, volume/geometry, 
environmental data, reliability, deployment requirements, development time, 
and cost. 

The required 

The following sections contain definitions of the ancillary systems to 
be used in each experiment for (1) attitude control, (2) data automation, (3) 
communications, ( 4 )  electric power, and (5) thermal control. 

5.2 ATTITUDE CONTROL 

STORED GAS SYSTEM - NOMINU DESIGN 

M l C U  COMPONENTS 
horizon Y M ~  . mrunn 
0FC-s-T-a 0 pipin. . rnh-.ym pclr.ap. .popllont bnk 

..l.ctmnicI 

O Y . ~ . . .  . . . 4  

5m Im 1500 ?om 2m 3 m  

TOTU SYSTEM IMPUSE - LD-SEC 
*SYNTHESIS APPROACH - CURVE FITS 

Figure 5-1 A l l i T U D E  CONTROL 

To simplify the task of deter- 
mining the physical characteristics 
of an attitude control system for each 
experiment in which stabilization is 
reauired, parametric design data were 
generated by the use of experiment 
MI-1 (Multispectral Surveillance of 
Earth) as a reference example. This 
reference experiment required atti- 
tude stabilization for a lifetime of 
2 weeks with a pointing accuracy of 
- +ls5 degrees. Satisfaction of these 
requirements resulted in the choice 
of a 500-lb-sec impulse system having 
a mass of 58 pounds, a volume of 1565 
cubic inches, and a power requirement 
of approximately 50 watts. 

As shown in Figure 5-1, the mass of the system is a function of the re- 
quired total system impulse which in turn depends on lifetime and pointing 
accuracy requirements. The mass of propellant and the propellant tank mass 
vary as a function of total system impulse. The mass of remaining items is 
constant because these items are essentially fixed equipment. 
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5.3 DATA AUTOMATION 

lAPE VROGRAMMER 13 CHANNELS 181 MINUTES 

D l G l l U  VROGRAMMER 

ENCODER 98 A N U O G  1 DlGllAL CHANNELS 

COMVUlER 

A N U O G  IAPE RECORDER 

S M U L  D I G I I U  IAPE RECORDER 

LARGE D l G l l U  TAPE RECORDER 

lV CAMERA 

VIDEO IAVE RECORDER 

FULL FILM PROCESSOR 

______ _~ ~- - 
511 WOKIS. 32-111s EACH ____ __ ~ 

~ 

_ _ _ _  
- 

~ -. 

~ 

- _~ _ _  

The da ta  automation system is  used t o  provide the optimum in t e r f ace  be- 
tween the sensors and the communications system. 
cessed by t h i s  system: s c i e n t i f i c  and engineering, te lev is ion ,  in f ra red ,  and 
photographic. 
by a programmer. 

Four types of da ta  are pro- 

The duty cycles of a l l  data  automation equipment are control led 

Sc ien t i f i c  and engineering information is  routed through an encoder which 
multiplexes, conditions, d i g i t i z e s ,  and formats both d i g i t a l  and analog data .  
This information i s  then (1) placed on a magnetic tape recorder o r  (2) pro- 
cessed and compressed by a d i g i t a l  computer before being recorded. The data  
is  then avai lable  f o r  t ransfer  t o  the comunicat ions system whenever s t a t i o n  
contact i s  accomplished. 

Television coverage i s  provided by one o r  more TV cameras whose output i s  
placed on a video tape recorder f o r  replay through the communications system 
whenever a s t a t i o n  is  i n  s igh t .  
d i r e c t l y  t o  the video tape recorder f o r  delayed readout. 

Infrared da ta  from the I R  scanners is  routed 

The pictures  from the cameras a r e  received by the automatic f i lm processors. 
After processing, individual frames a re  scanned by a flying- spot scanner, the 
output s igna ls  from which a re  placed on the video tape recorder. This informa- 
t i on ,  l i k e  the te lev is ion  and inf ra red  da ta ,  i s  then ava i lab le  fo r  transmission 
whenever readout i s  desired.  

TABLE 5-1 
DATA AUTOMATI ON 

Component 

_~ - FLYING SVOl SCANNER 

VAR11A1 F I L M  VROCEISOR 

DAlA RECOVERY CAPSULE 

In some cases ,  video data  may be 
transmitted i n  r e a l  t i m e  and the use 
of an on-board video tape recorder 
w i l l  not be required. Similar ly ,  i t  
may be des i rab le  t o  recover f i lm  
camera da t a  physical ly  by means of a 
re-entry capsule r a t h e r  than use on- 
board f i lm  processing. 

The physical c h a r a c t e r i s t i c s  of 
components which might be selected f o r  
use i n  a da t a  automation sys tem a r e  
l i s t e d  i n  Table 5-1. Total  system 
c h a r a c t e r i s t i c s  are determined by a 
summation of c h a r a c t e r i s t i c s  f o r  the 
components se lec ted  t o  s a t i s f y  the 
requirements of individual  experiments. 

5.4 COMMUNICATIONS 

The communications system used i n  conjunction with each experiment i s  
design l imited t o  meet only those requirements pecul ia r  t o  t h a t  experiment. 
The UHF equipment includes a command receiver  and a d i g i t a l  or an analog t rans-  
mi t te r .  
un i t s  a r e  considered t o  be standard,  present-day, s t a t e -o f - the -a r t  equipment. 

performed. 
be used by the s a t e l l i t e  programmer f o r  s t a r t i n g  and stopping the experiment 

The S-Band equipment includes a t r ansmi t t e r  and a transponder. These 

The communication capab i l i t y  has been divided i n t o  the functions to  be 
The information received from Earth w i l l  cons i s t  of commands t o  

I 
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4.5 
2.5 
I .o 
2.5 

2.5 
7.0 

0.8 
I .5 
2 .0  

and turning anc i l l a ry  equipment on and of f .  Information t o  be relayed to  Earth 
w i l l  cons is t  of video, analog, and d i g i t a l  data  obtained from the on-board sen- 
sors .  The type of data  w i l l  determine the number and type of output trans- 
mi t t e r s  reauired and w i l l  vary w i t h  each experiment. 
t i on  and s t a b i l i t y  requirements a f f e c t  the number of antennas needed on a spe- 
c i f i c  experimental s a t e l l i t e .  A l ine-of-s ight  capab i l i t y  of communication with 
the Earth s t a t i o n  i s  to  be maintained a t  a l l  times. Flush-mounted antennas a r e  
t o  be considered whenever mission requirements w i l l  pe rmi t ;  however, t u rns t i l e -  
type antennas appear t o  o f f e r  a b e t t e r  omnidirectional type of coverage, and 
fewer antennas a r e  required i f  t h i s  type is  used. 

The s a t e l l i t e  construc- 

60 
40 
50 
40 
40 
4 
17 

62 
74 

TABLE 5-2 
COMMUNICATIONS 

I Component I Mass (Us1 I Volume (ln.31 I Rak Pmr (Wl 

I I I 
S-BAND TPANSPONDER 

C0-D RECEIVER 

UHF CIRCULATOR 

UHF A N M O G  TRANSMITTER ( P A W F W F M )  

UHF D I G I T U  TRANSMITTER (KWFM) 
S-BAND TV TRANSMITTER 
S-BAND ANTENNA SWITCH 

S-BAND ANTE"& (SIMILIZED) 

UHF ANTENNAS (STABILIZfD) 
NNSIABILIZED) 

RINSTMILIZED) 
62 ;:: I 74 

Table 5-2 contains a l i s t  of the 
c h a r a c t e r i s t i c s  of each u n i t  of the 
communications system. The mass i s  
given i n  pounds, volume i n  cubfc 
inches, and input power i n  watts.  
The f i n a l  antenna design i s  considered 
t o  be a function of sa t i s fy ing  s a t e l -  
l i t e  physical and a t t i t u d e  control  re -  
quirement; therefore ,  antenna s i ze  
and type a r e  selected only a f t e r  m i s -  
s ion requirements a r e  completed. How- 
ever ,  typ ica l  values a r e  l i s t e d  i n  the 
table .  

The peak power values shown a r e  
typ ica l  of present-day s ta te -of - the-  

a r t  components. By 1970 i t  i s  ant ic ipated tha t  power requirements f o r  an S- 
band transponder and an S-band TV t ransmit ter  w i l l  be 10 and 15 watts respec- 
t ive  1 y . 

5.5 ELECTRIC POWER 

Candidate e l e c t r i c  power sources su i tab le  f o r  the support of orb i t ing  ex- 
periments include b a t t e r i e s ,  f u e l  c e l l s ,  so la r  c e l l s ,  and RTG (Radioisotope 
Thermal E lec t r i c  Generator). Of these, b a t t e r i e s  a r e  the f i r s t  choice because 
they are e s s e n t i a l l y  off-the-shelf  devices which a r e  ava i la lbe  a t  a reasonable 
cos t  . 

(BASED ON MASS) 

FUEL CELLS 

HOUR DAY WEEK MONTH YEAR 
DURATION TIME 

.SYNTHESIS APPROACH - CURVE FITS 

Figure 5-2 OPTIMUM POWER SOURCES 

The well-known p lo t  of power out- 
put versus durat ion of operation is 
shown i n  Figure 5-2. The data  is  pre- 
sented i n  terms of regions of optimum 
power sources,  i . e . ,  minimum mass s y s -  
tems. 

The power and t h e  energy require- 
ments of most of the secondary exper- 
iments analyzed i n  t h i s  study a r e  such 
tha t  they can be met by the use of 
b a t t e r i e s .  Detailed analysis  i s  
needed i n  the case of experiments 
which cannot be powered by ba t t e r i e s .  
A notable example i s  the MI-3 experi- 
ment, Radar Surveil lance of Earth. 
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For t h i s  experiment, a r e l a t i v e l y  high power requirement must be s a t i s f i e d  f o r  
one hour, but the  demand is  low a t  o ther  times. Hence, consideration was given 
t o  using b a t t e r i e s  i n  conjunction with (1) f u e l  cel ls  o r  (2) RTG converters  t o  
s a t i s f y  average power requirements over the 24-hour period. Six power systems 
were analyzed i n  terms of mass as a function of days of opertion. 
found t h a t  the ba t t e ry  system i s  l i g h t e r  f o r  periods of operation up t o  5 days. 
For periods from 5 t o  25 days, the f u e l  c e l l  i s  more advantageous. 
days, the so l a r  a r ray  and ba t t e ry  system i s  l i g h t e r .  

It w a s  

Beyond 25 

5.6 THERMAL CONTROL 

The proper operation of the individual  experiments w i l l  be dependent upon 
the inclusion of an adequate thermal cont ro l  system within the experiment pack- 
age design. A thermal ana lys i s  of each experiment was performed i n  order t o  
s i z e  the system i n  terms of mass, volume, and power requirements. The basic  
guidel ines  used t o  def ine the thermal con t ro l  system w e r e  the following: (1) 
the system must not i n t e r f e r e  with the primary payload, (2) the  experiment must 
be self-contained, and (3) passive thermal con t ro l  should be used i f  possible .  

The se lec t ion  of a thermal cont ro l  concept f o r  a p a r t i c u l a r  experiment 
was based on a consideration of the thermal requirements f o r  the experiment 
(allowable temperature range, heat d i s s i p a t i o n ) ,  the physical c h a r a c t e r i s t i c s  
of the experiment, the probable thermal environment, and the r e l a t ionsh ip  be- 
tween the stored and operating periods and the  mission phases (prelaunch, 
launch, and o rb i t ) .  Generally speaking, thermal cont ro l  concepts may be cate- 
gorized a s  passive, semi-active, o r  active. The use of ac t ive  systems allows 
a g rea t e r  degree of thermal control  a t  the expense of r e l i a b i l i t y .  
t ions  of concepts, e.g. ,  insu la t ion  used i n  conjunction with a hea ter  and ther -  
mostat, may be used t o  advantage i n  c e r t a i n  s i t ua t ions .  

Combina- 

After the thermal cont ro l  concept w a s  s e l ec t ed ,  the performance of the 
thermal control  system was  analyzed i n  r e l a t ionsh ip  t o  the experiment thermal 
requirements and the  probable thermal environment. Variat ions i n  the  experi-  
ment thermal requirements and the thermal environment over the mission phases 
(prelaunch, launch, and o r b i t )  were taken i n t o  account to ensure adequate per- 
formance throughout the  mission. 

5.7 ANCILLARY SYSTEMS MASS SUMMARY 

A summary of the a n c i l l a r y  systems masses which are used i n  the 30 sample 
The masses re- experiments considered i n  the study i s  presented i n  Table 5-3. 

quired f o r  a t t i t u d e  cont ro l ,  da ta  automation, communications, electric power, 
and thermal control  sys tems are shown. 

18 
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95 

TABLE 5-3 
ANCILIARY SYSTEMS MASS SUMMARY 

MASS - POUNDS 

* * * * 58 58 124 96 124 * * 42 * * * 50 43 50 58 

Attitude Control 

29 2 18 24 323 23 28 28 28 236 120 271 121 1023 110 29 329 100 19 10 12 20 10 29 36 13 19 101 29 

12 7 12 12 10 12 12 11 11 12 17 17 16 9 4 12 9 12 17 17 17 17 12 4 7 7 9 12 

Thermal Control 

179 41 82 60 50 405 378 445 234 321 27 97 74 34 72 94 38 100 57 124 183 64 130 137 314 

REMAINS ON-BOARD VEHICLE NO REQUIREMENT 

2 4 3  5 1 0 2  2 1 1  3 2 6 3 6 3 6 1 9 2 0 5  3 1 6 9 3  1 8 1  6 7  4 1 5 4  4 2 8  
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6.0 E X P E R I M E N T  E N V I R O N M E N T A L  

R E Q U I R E M E N T S  

6 .1  GENERAL 

The following environments were investigated f o r  a p p l i c a b i l i t y  and s igni f -  
icance t o  t h i s  program: thermal, acoustic,  vibrat ion,  shock, accelerat ion,  hu- 

piziiiq Maximum and Minimum Temperature 
0 Heat Dlsslpntlm Rate 
.Tohi Heat Oirrlptim 

v j  .AssumeQwlHled Per Spec MIL-E-527X 
Procedure X I  I 

5 10 loo 5cQ 
FREQUENCY - CK 

.Noise Tolerance d 150 d, (kenli 
Per MIL SbnBrd 810 Acwsticli 
Test Method Cnde B 

Receiver knrhvlty 
I ElEcTRoMAcNEric ] .Transmitter5 MI 

Figure 6-1 EXPERIMENT ENVIRONMENTAL REQUIREMENTS 

TABLE 6-1 
EXPERIMENT THERMAL ENVIRONMENT 

Q; - l O l ~ < U O R l - ~ R l & ~ ~ t A l  DISSIPATION 

midity, pressurclvacuum, electromag- 
ne t i c ,  radiat ion,  and contamination 
(dust,  fungus, salt  spray, etc.). Be- 
cause t h i s  study w a s  undertaken t o  de- 
velop a computer methodology, t he  en- 
vironments t h a t  would not s ignif icant ly  
contr ibute  t o  t h i s  methodology develop- 
ment were eliminated from fu r the r  con- 
s idera t ion .  I n  general ,  those enviroll- 
ments were eliminated from consider- 
a t ion  which were not  pecul iar  t o  a 
spec i f i c  launch vehicle o r  a speci- 
f i c  locat ion on the  vehicle ,  The fol-  
lowing environments w e r e  found t o  be 
s ign i f i can t  t o  the  development of the 
program: thermal, vibrat ion,  acoust ic ,  
and electromagnetic. The de f in i t i on  of 
requirements i n  the  case of each of these 
environments i s  shown i n  Figure 6-1. 

6.2 THERMAL 

The thermal environment fo r  each 
of the  experiments was defined by thme 
parameters: 

1. Maximum and minimum allowable 
time-space averaged Ceiqj~re- 
t u re  

2. Heat d i s s ipa t ion  rate 

3. Total shor t  period heat d i s -  
s ipat ion.  

These parameters ( r e fe r  t o  Table 
6.1) were determined i n  the case of 
each of three mission phases: launch, 
prelaunch, and o r b i t .  Those experi- 
ments that are ejected from the space- 
c r a f t  must be compatible with an or- 
b i t a l  operat ional  environment not as- 
sociated with the  spacecraft ,  and con- 
sequently, no thermal compatibil i ty 
checks w i l l  be made i n  the o r b i t  m i s -  

21 



s ion  phase for  e jec ted  experiments. 
t he  maximum and minimum temperatures t o  which the  components of the  experiment 
can be subjected without r e s u l t i n g  i n  malfunctions. 

The time-space averaged temperatures are 

6 . 3  VIBRATION 

Because t h e  experiment v ibra t ion  tolerance i s  very d i f f i c u l t  t o  determine 
by ana lys i s ,  the only meaningful v ibra t ion  tolerance l e v e l s  a r e  those l e v e l s  t o  
which the  experiment components have been q u a l i f i e d  by t e s t ing .  
spec i f i ca t ion  can be used i n  describing the  v ib ra t ion  tolerance:  
s inusoidal .  
the  random vibra t ion  spec i f i ca t ion ,  only s inusoidal  v ibra t ion  l e v e l s  were con- 
s idered i n  the compat ib i l i ty  checks. 
t o  the majority of off- the-shelf  components was assigned t o  a l l  experiments i n  
order t o  s a t i s f y  the  requirement of t he  computer program. 
da l  v ibra t ion  l eve l ,  indicated i n  Figure 6-1, i s  pe r  MIL-E-5272C, Procedure XII. 

Two types of 
random and 

Because many off- the-shelf  components have not been qua l i€ i ed  t o  

A v ibra t ion  tolerance l e v e l  which app l i e s  

The maximum sinusoi- 

6 . 4  ACOUSTICS 

The same d i f f i c u l t y  encountered i n  def in ing  the  v ib ra t ion  to le rance  of t he  
experiments i s  encountered i n  def ining the  acous t i ca l  no ise  tolerance.  The 
tolerance leve ls  assigned t o  experiments can only be as high as the  l e v e l s  t o  
which the  experiment components have been qua l i f i ed  by t e s t ing .  Because o f f -  
the-shelf  components were used whenever poss ib le  i n  the experiment d e f i n i t i o n s ,  
a maximum noise tolerance of 150 db o v e r a l l  w a s  assigned t o  a l l  experiments. 
This value is  per MIL Std 810 "Acoustical T e s t  Method, Grade B". 

6 . 5  ELECTROMAGNETIC 

Electromagnetic compatibi l i ty  can be defined as the  a b i l i t y  of each com- 
ponent i n  an integrated system t o  perform i t s  design funct ion without i n t e r -  
fe r ing  with the performance of the  design funct ion of any o the r  component i n  
the system. The following are the  bas ic  parameters which determine i f  one com- 
ponent w i l l  i n t e r f e r e  with the  funct ion of another:  

1. The l eve l  and bandwidth of  the  s i g n a l  a component i s  capable of e m i t -  
t i n g  ( t ransmi t te r  s igna l )  

2. The level and bandwidth of  the  s igna l  t o  which a component i s  capable 
of responding ( rece iver  s e n s i t i v i t y )  

"Coincident time in te rva l"  o r  t he  occurrence of  simultaneous operat ion 
of components whose parameters, (1) and (2),  overlap 

3 .  

4. Amount of i s o l a t i o n  between components. 
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1 .  

I 

NARROWBAND 
SENSITIVITY d 4 d 4 4 d ’ 
SENSITIVIPI 4 4 J 4 4 J J J J J 
BROADBAND 

magnetic compatibi l i ty  parameters. As 
shown i n  Table 6-2 and Figure 6-2, each 
experiment i s  described by a narrowband 

ExDer iment  Sianal 

Experiment Sensitivity 

Figure 6-2 EXPERIMENT ELECTROMAGNETIC ENVIRONMENT 
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7.0 C O N C E P T U A L  D E S I G N  O F  E X P E R I M E N T S  

7 . 1  GENERAL 

Experiment conceptual design drawings and mass and volume analyses were 
made f o r  each of the t h i r t y  experiments se lec ted  fo r  use i n  t h i s  study. 
these drawings, the experiment package shape, the  arrangement of components, 
the  t o t a l  package volume, the  volume of the  basic  components, the t o t a l  package 
mass, and the c r i t i c a l  component shape a r e  shown. 

I n  

In  es tab l i sh ing  the configuration designs, primary emphasis was placed on 
self-contained experiment packages, that  i s ,  no consideration was given t o  the  
support c a p a b i l i t i e s  of the  vehicle or o ther  experiments. 
a broader spectrum of data  fo r  use i n  the  computer program checkout, the  p e r t i -  
nent cha rac t e r i s t i c s  of c e r t a i n  vehicle-dependent experiments were a l so  formu- 
la ted .  A vehicle-dependent experiment i s  defined as a self-contained experi- 
ment exclusive of power and communications systems and i s  indicated by an "A" 
a f t e r  the  basic experiment number. 
both a self-contained and a vehicle-dependent bas i s  are those ten  experiments 
which remain aboard the  launch vehicle and a r e  not e jec ted  a s  separate s a t e l -  
l i t e s .  The mass and volume of these vehicle-dependent experiments a re  pre- 
sented i n  Table 7-1. 

However, t o  obtain 

The experiments t h a t  w e r e  considered on 

TABLE 7-1 
MASS AND VOLUME SUMMARY - VEHICLE-DEPENDENT EXPERIMENTS 

EX PER IMENT TOTAL INSTALLED BASIC COMPONENT INSTALLED 
MASS (LBS) VOLUME (1~31 VOLUME ( 1 ~ 3 )  

MS- 2A 
MS- 3A 
MS- 4A 
MS- 5A 
SLG- 1 A  
SLG- 2A 
SLC- 4a 
SLG 5A 
M- 2A 
OEA- 1 A  

50 
60 

102 
74 

160 
86 

167 
69 

119 
1 2 1  

972 
1,229 
2,998 
2,004 
6,914 
1,620 
4,220 
3,760 
2,488 
4,294 

1,594 
1,635 
3 , 807 
2,786 

12,722 
3,694 
9,031 
5,225 
5,349 
6,785 

7.2 CONFIGURATION DESCRIPTION 

The cnnceptual designs - of the t h i r t y  self-contained experiments a re  sum- 
marized on the following pages by isometric drawings and mass and wliiiiiz state= 
ments. The experiments t h a t  a r e  shown with the Earth and sky i n  the background 
are designed t o  be e j ec t ed  a s  separate s a t e l l i t e s ;  those shown with no back- 
ground are designed f o r  operation aboard the  launch vehicle.  

7.2.1 Category I - Systems Development and Tests 

A l l  of the  experiments i n  Category I ,  Figure 7-1, a r e  designed t o  be 
e j ec t ed  as separate s a t e l l i t e s .  One experiment, the Energetic Pa r t i c l e s  Ex- 
p l o r e r ,  has a l ready been developed, and therefore  i s  considered a fixed hard- 
ware configuration. The experiment masses range from 58 pounds fo r  SDT-2 t o  
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Figure 7-1 

CATEGORY I 
EXPER IMENT 

SUMMARY 

SYSTEMS DEVELOPMENT 
AND TEST 

SDT-3 
PERFORMANCE ASSESSMENT OF SPACECRAFT 

NAVIGATION GUIDANCE AND CONTROL 
HARDWARE AND TECH IQUES 

MASS 682 LBSj 
VOLUME (BASIC COMPONENT) 25,803 IN. 
VOLUME (PACKAGED) n,m  IN.^ 

SDT-1 
RAD IO  I SOTOPE-THERMOELECTR IC 

POWER SYSTEM INTEGRATION 

M A S S  1031 LBS. 
VOLUME (BASIC COMPONENT) 50,m  IN.^ 
VOLUME (PACKAGED) 122,000  IN.^ 

VOLUME (BASIC COMPONENT) 22,465  IN.^ 
VOLUME (PACKAGED) 47.595  IN.^ 

SDT-7 
PERFoRMANcEAsSESSMENT OF 
THIN FILM SOLAR CELL ARRAYS 

VOLUME (BASIC COMPONENT) 2,504 1N.j 
VOLUME (PACKAGED) 3,689  IN.^ 

MASS 440 LBS . 
VOLUME (PACKAGED) 30.300  IN.^ 

1,031 pounds for SDT-1. The required volumes f o r  the  same experiments a re  
3,689 and 122,000 cubic inches respectively.  

7.2.2 Category I1 - Materials and St ruc tures  

Experiment MS-1, The Degradation of Organic Mater ia ls  i n  Space Environment, 
i s  the  only experiment i n  t h i s  category t o  be e jec ted  a s  a separate s a t e l l i t e .  
It a l s o  has the  l a rges t  mass, 795 pounds, and volume, 73,500 cubic inches. The 
remainder of the experiments a r e  designed t o  remain aboard the  launch vehicle .  
Their masses range from 103 t o  173 pounds and volumes from 2,988 t o  5,500 cubic 
inches. The Category I1 experiments a r e  shown i n  Figure 7-2. 

7.2.3 Category 111 - Mult ispectral  Imagery of the 
Earth and Orbiting Objects 

Because of the long l i f e - t ime  requirements, a l l  of t he  experiments i n  
Category 111 were designed a s  separate  s a t e l l i t e s ,  Figure 7-3. 
Earth Cartography experiment has the l a rges t  mass (2,812 pounds) and volume 
(469,800 cubic inches). 
and 1,434 pounds, and the volumes vary between 39,468 and 139,000 cubic inches. 

The Synoptic 

The masses of the o ther  experiments vary between 798 

7.2.4 Category I V  - Solid/Liquid/Gas Behavior 

Only one experiment i n  Category IV, The Formation of Single Crys ta l s ,  was 
designed t o  be ejected as  a separate  s a t e l l i t e .  The remaining four a r e  con- 
ta ined aboard the launch vehicle  f o r  the  e n t i r e  mission. 
by a recoverable capsule i s  used i n  the e j ec t ed  experiment and i n  two of the  

Physical data  recovery 
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Figure 7-2 

CATEGORY I I 
EXPER IMENT 
SUMMARY 

MATERIALS 13 STRUCTURES 

MS-3 
VAPORIZATION RATE OF 

Mam METALS 

I COY" 
r i r c i n o n i c r  - 

I 

U S  154 LBS 
VOLUME (BASIC COMPONENT) 2,803 1N.j 
VOLUME (PACKAGED) 3,750  IN.^ 

Figure 7-3 

CATEGORY I I I 
EXPERIMENT 

SUMMARY 

MI-3 
RADAR SURVEILLANCE O f  EARTH 

MASS 1,434 LBS. 
VOLUME (BASIC COMPONENT) m.000  IN.^ 
VOLUME (PACKAGED1 139.000 IN.3 

MASS 795 10s. 
VOLUME (BASIC COMPONENT) w o o   IN.^ 
VOLUME (PACKAGED) 73,500  IN.^ 

MS-4 
COLD WELDING OF METALS 
IN SPACE WIRONMENT 

MASS I 7 3  16. 
VOLUME (BASIC COMPONENT) 4,344 IN.; 
VOLUME (PACKAGED) 5.500 IN. 

MS-2 
BEHAVIOR OF LI  UID FILMS IN 

SPACE ENV8tONMENT 

HASS 103 LBS 
VOLUME (BASIC COMPONENT) 1,827 IN? 
VOLUME (PACKAGED) 2,988  IN.^ 

MS-5 
SPRAY COATING AND 

SURFACE CONTAMINATION 

MASS 135 LBS 

4.650  IN.^ 
VOLUME (BASIC COMPONENT) 3,350 IN.3 
VOLUME (PACKAGED) 

MI-1 MI-2 
MULTISPECTRAL SURVEILLANCE I INFRARED LIN&SgCAZURVEILUNCE 

OF EARTH 

A?C RLCORDIR 

VOLUME (BASIC COMPONENT) 

798LBS MASS 2,812 LBS. 
27,110 1N.j VOLUME (BASIC COMPONENT) 200.903 IN.3 
79,083  IN.^ I VOLUME (PACKAGED) 469.800  IN.^ 

MASS 
VOLUME (BASIC COMPONENT) 
VOLUME (PACKAGED) 

27 



contained experiments. The masses of the contained experiments vary from 153 
t o  201 pounds; the ejected experiment has a mass of 713 pounds. 
quirement ranges from approximately 7,100 t o  13,500 cubic inches f o r  the con- 
ta ined experiments t o  102,993 cubic inches f o r  the  e j ec t ed  experiment. 
Category I V  experiments a r e  shown i n  Figure 7-4. 

The volume re- 

The 

Figure 7-4 
CATEGORY IV 
EXPERIMENT 

SUMMARY 

SOL IDA IQUID/GAS 
BEHAVIOR 

VOi6ME (BASIC COMPONENTS) 43,950 IN.: 
VOLUME (PACKAGED) 102,993 IN .  

SLG-1 
BOILING IN ZERO-G ENVIRONMENT 

c o w  L 
ILLCTIONICS 

MASS 191 LBS 
VOLUME (BASIC COMPONENTS) 7,338 IN.3 
VOLUME (PACKAGED) 13,500  IN.^ 

MAS 5 201 LBS. 
VOLUME (BASIC COMPONENTS) 4,720 IN.; 
VOLUME (PACKAGED) 10,090 IN. 

SLG-2 
NUCLEATE CONDENSATION 

IN ZERO-GRAVITY 

MASS 195 LBS. 
VOLUME (BASIC COMPONENTS) 
VOLUME (PACKAGED) 7,062 IN.3 

3,450  IN.^ 

SLG-5 
ZERO-G COMBUSTION 

O A S  CH.OY*TOGR*P"--J 

MASS 153 LBS. 
VOLUME (BASIC COMPONENTS) 5,130 IN.3 
VOLUME (PACKAGED) 7 , l W   IN.^ 

7.2.5 Category V - Microorganisms 

Four of the experimental payloads i n  Category V a r e  designed t o  be e jec ted  
from the launch vehicle a s  separate o rb i t i ng  s a t e l l i t e s ,  Figure 7-5. 
ment M - 2  i s  the only one designed t o  be contained i n  the  launch vehicle .  
mass requirements f o r  t h i s  category a r e  a l l  between 135 pounds and 233 pounds. 
Volume requirements vary from 6,916 t o  17,400 cubic inches. 

Experi- 
The 

7.2.6 Category V I  - Observation of the 
Earth 's  Atmosphere, the  Space Environment, and 

Astronomical Phenomena 

As a r e su l t  of the duration requirements f o r  Category VI, only one experi- 
ment, OEA-1, i s  designed t o  remain aboard the  launch vehicle .  The other  four 
experiments a re  designed t o  be e j ec t ed  as separate  a t t i t u d e - s t a b i l i z e d  sa t e l -  
l i t e s  fo r  longer duration missions. 
experiments w i l l  vary from 308 t o  691 pounds and the  volume requirements from 
11,600 t o  31,870 cubic inches. 

Mass requirements f o r  t h i s  category of 

Category V I  experiments a r e  shown i n  F i e r e  7-6. 

28 



Figure 7-5 

CATEGORY V 
U P E R  IMENT 

SUMMARY 

MICROORGANISMS 

GENETIC EMCTS'i'iMICROORGAN ISMS 
AND MUTATION RATE IN EXTENDED 

SPACE FLIGHT CONDITIONS 

MASS 205 LBS. 
VOLUME (BASIC COMPONENT) 3,500 IN.: 
VOLUME (PACKAGED) 8,700 IN. 

Figure 7-6 

CATEGORY V I  
EX PER I MENT 

SUMMARY 

OBSERVATION OF THE EARTH'S 
ATMOSPHERE, THE SPACE 

ENVIRONMENT & ASTRONOMICAL 
PHENOMENA 

E A - 3  

VOLUME (BASIC COMPONENT) 6,838 IN.' 
VOLUME (PACKAGED) 17,512 IN.3 

MAS s 233 LBS. 
VOLUME (BASIC COMPONENT) 7,4271N.3 
VOLUME (PACKAGED) 17,400  IN.^ 

MdI 

DETERMINATIOF~'~? THE MIGRATION 
OF MICROORGANISMS IN A 
SPACECRAFT ENVIRONMENT 

MASS 135 LBS. 
VOLUME (BASIC COMPONENT) 4,117 IN.3 
VOLUME (PACKAGED) 13,696 

ow-1 
RADIATION ENVIRONMENT 

MONITOR INC 

- \ELECTRONIC EQUIPWNT 

MASS 308 LBS3 
VOLUME (BASIC COMPONENT) 7,333 IN. 
VOLUME (PACKAGED) 11,600 IN.3 

m-4 
COSMIC RAY EMULSION 

EXPERIMENTS 

MASS 401 LBS. 
VOLUME (BASIC COMPONENT) 0,818  IN.^ 
VOLUME (PACKAGED) 22,140  IN.^ 

M-7 
EFFECTS OF S P k E  FLIGHT ON 

MORPHOLOGY GROWTH AND LlQU IDlGAS 
SEPARATlbN IN MICROORGANISMS 

7 T.V. CAMERA 

MASS 165 LBS 
VOLUME (BASIC COMPONENT) 3,218 1N.j 
VOLUME (PACKAGED) 6,916 IN.3 

M-5 
PRODUCTION 6i ~UTRIENTS BY 

CERTAIN MICROORGANISMS WHILE 
IN SPACE FLIGHT 

MASS 230 LBS. 

VOLUME (PACKAGED) 0.757 IN.3 
VOLUME (BASIC COMPONENT) 4,299  IN.^ 

ow-2 
STUDY OF 

MASS 312 LBS. 
VOLUME (BASIC COMPONENT) 7,700  IN.^ 
VOLUME (PACKAGED) 19,600  IN.^ 

OEA-5 

VOLUME (BASIC COMPONENT) 12,456 IN.: 
VOLUME (PACKAGED) 31,870 IN. 
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8.0 R E L I A B I L I T Y ,  D E V E L O P M E N T  

S C H E D U L E ,  A N D  C O S T  A N A L Y S E S  

F O R  E X P E R I M E N T S  

.62 

1 

8.1 RELIABILITY ANALYSIS 

Preliminary predictions of reliabilities for the case of the selected ex- 
periments have been accomplished, and the results are presented in Table 8-1. 
The predicted reliabilities for these experiments range from 0.62 for SDT-1 to 
0.98 for MS-2, MS-4, MS-5, SLG-1, and SM3-4. 

I 

.60 .92 .94 - .03 .90 .96 .90 .90 .06 .04 .75 .89 .81 .90 .97 .95 . .92 .96 -90 .90 .6 .8 .93 .91 .94 .93 

TABLE 8-1 
SUMMARY OF RELIABILITY, DEVELOPMENT SCHEDULE, AND COST ANALYSES 

1.5 .75 .75 .75 1.0 1.0 

I 

.75 .75 .75 .75 

Reliability 

288 1272 992 - 1201 448 545 631 659 1523 1808 433 641 643 442 434 521 593 685 458 602 

The reliability of an experiment is defined as the probability that the 
experiment will be successfully performed. In this analysis, the partial com- 
pletion of an experiment was not considered to be successful performance, e.g., 
ff an experimenter specified that data were to be obtained by means of three 
sensors, all three sensors were assumed to be required for the successs'iil per- 
formance of the experiment. 

The predicted reliabilities for the case of each experiment were based on 
the following assumptions: 

1. The equipment will be designed for protection against radiation, 
heat, and other known adverse space environment characteristics. 

2. The equipment used in the experiment will be in a non-operative 
state during the boost phase. 

3. The duration and operational phases of the experiments will be 
effected as suggested in each experiment write-up. 

In the derivation of experiment reliabilities, space environment failure 
rates were used when they were available. In situations where no space-type 
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failure rates were available, aircraft failure rates modified by an aircraft- 
to-space environmental factor were utilized, 

It is expected that development time will have a decided influence on the 

The resulting time span estimates have been 
I final selection of the experiments which make up the Saturn IB/Apollo secondary 

payloads. Accordingly, a preliminary analysis of experiment development sched- 
ules was performed in this study. 
incorporated into the SEPTER model and are available as outputs which may be 
used in screening the experiments on the basis of timing compatibility. 

The technique employed in estimating the design/development spans may be 
summarized in two analytical steps. 
categorized by considering the following in the case of each experiment: 

First, the experiments were ranked and 

1. The expected difficulty in designing the individual pieces of 
equipment 

2. The overall complexity of the integrated experimental and ancillary 
equipment 

3. The extensiveness of the implied test programs. 

Secondly, span times were estimated for each of the experiment categories by 
relating the experiment equipment to comparable equipment with known develop- 
ment spans. The results are tabulated in Table 8-1. 

8.3 COST ANALYSIS 

Costs which have been established for each experiment package are sum- 
I marized in Table 8-1. 

for MI-3. The cost analysis was performed in the following steps: 
These costs vary from $288,000 for SDT-2 to $3,343,000 

1. Cost categories were established. 

2. Estimating procedures were determined. 

3. A historical data collection was made. 

4. Costs were calculated and totaled. 

Cost categor.ies were determined largely from weight statements. Some sim- 
plifications were made for the sake of consistency and comparability of the 
various systems. 
were estimated, 
categories while the development and integration costs were considered to be 
nonrecurring. The categories are summarized as follows: 

In addition, the costs of development and system integration 
Ancillary subsystems were considered to be recurring cost 

1. Data Handling 

2. Power 

3. Structure 
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I 
4. Communications 

5. Att i tude Control 

6. Experiment 

7. Development and Integration. 

i 

I 

Estimating procedures were determined separately i n  the case of recurring 
cos t s  and nonrecurring costs .  Recurring c o s t s  were estimated on a cos t  per 
pound bas is  f o r  cos t  categories  1 through 5. A separate fac tor  was determined 
f o r  each category. Category No. 6 ,  Experiment, was estimated by the use of 
weighting f ac to r s  applied t o  a baseline estimate.  
a combination of f ac to r s  based on the subject ive ana lys i s  of the experiment 
descr ip t ion  and the  r e l a t i v e  cos ts  of various s c i e n t i f i c  instruments. Non- 
recurr ing cos t s  were estimated from a weighting f a c t o r  applied to  a subject ive 
baseline.  The weighting f ac to r  was a combination of three f ac to r s  (complexity, 
data recovery, and s ta te -of - the-ar t )  which were determined through an analysis  
of the  experiment descr ipt ion.  

The weighting f ac to r s  were 

There w e r e  not enough h i s t o r i c a l  da t a  ava i lab le  t o  form the bas i s  f o r  a 
pure s t a t i s t i c a l  analysis .  However, some information was ava i lab le  fo r  estab- 
l i sh ing  general  guidelines.  Most important was  the IBM study on Extended 
Apollo Earth-Orbit F l igh ts .  Budgetary information w a s  a l s o  ava i lab le  i n  gross 
form on Explorer X I V ,  OAO, OGO, Syncom, Relay and Nimbus. 

Costs were calculated a s  explained i n  the estimating procedures. 
assumed t h a t  three payloads would be b u i l t  i n  order t o  s a t i s f y  the require- 
ments of cont ro l  experiments, system checkout, and the mission i t s e l f .  No 
production learning w a s  assumed. 

It was 
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9.0 E X P E R I M E N T  D E S C R I P T I O N  

HINIAUJM 
INSTALLATION VaUMf 

' *  

C l l l l C U  COU)ONENl 
SlAcOAQ SHUE 

CRlllCU 
EXPERIMENT COWONEN1 

M E T H O D O L O G Y  

9 .1  GENERAL 

I 

The experiment descr ipt ions required f o r  t he  experimental payload charac- 
t e r i s t i c s  l i b r a r y  were developed during the  experiment design e f f o r t .  Those 
descr ipt ions r e l a t i n g  t o  experiment mass, volume, and environment were used 
d i r e c t l y  as inputs t o  the  l i b ra ry .  However, it w a s  necessary t o  develop a 
special ized methodology f o r  representing experiment geometry and deployment re- 
quirements i n  the  l i b ra ry .  

9 . 2  GEOMETRY 

In  order  t o  develop a methodology f o r  represent ing experiment geometry, 
two classes of experiments, f ixed geometry and amorphous geometry, were defined. 
The fixed-geometry experiments are defined i n  terms of f ina l i zed  designs whose 
geometry cannot be modified. The amorphous-geometry experiments a r e  those i n  
which the  configuration i s  not f ixed and which a r e  amenable t o  numerous design 
concepts. 
by the  standard shape envelope which w i l l  most e f f i c i e n t l y  contain the  e n t i r e  
experiment as i l l u s t r a t e d  i n  Figure 9-1 .  The standard shapes se lec ted  f o r  t h i s  

The shape and volume of t h e  fixed-geometry experiments are represented 

Enagdic Rrtkles Explorer 
I 

I MINIMUM I M l A l L l D  
DEROYED VOLUMl I Sl*N)APDSHUE 

Figure 9-1 REPRESENTATION OF 
FIXED-GEOMETRY ExAKiMENTS 

lXPERIMEN1 SLG4 SECREGAIION OF 
IWISCIME LIQUIDS IN ZERO-G 

representat ion are the  sphere,  the 
cy l inder ,  and the  rectangular para l le l -  
epiped. The shape of t h e  amorphous- 
geometry experiments i s  represented by 
the  standard shape envelope which w i l l  
contain the experiment c r i t i c a l  com- 
ponent as shown i n  Figure 9 - 2 .  The 
c r i t i c a l  component i s  an envelope of 
such s i z e  and shape t h a t  i t  w i l l  con- 
t a i n ,  i n  t u rn ,  each of the  undis tor t -  
ab le  component i n  the  experiment pack- 
age. The c r i t i c a l  component, then, can 
be e i t h e r  t h e  l a r g e s t  undis tor table  
component i n  t h e  experiment o r  a compos- 
i t e  of severai  undlstortable csmpc~- 
en t s .  
geometry experiments i s  represented by 
the  minimum volume required fo r  pract i -  
c a l .  

The volume of t h e  amorphous- 

9 . 3  DEPLOYMENT REQUIREMENT 

Deployment requirements a r e  those 
experiment requirements which are con- 
t ingent  on proper i n s t a l l a t i o n  of the  
experiment r e l a t i v e  t o  t h e  launch 
vehicle .  These requirements have been 
defined by s i x  deployment modes, Mode 
0 through Mode 5,  as shown i n  Figure 
9 - 3 .  The modes were devised so t h a t  
i t  i s  necessary t o  describe each ex- 
periment by only one deployment mode, 
Table 9-1. 



0 EXPERIMENT REMAINS ON VEHICLE 

0 EXTENSION O F  ANTENNAS O N L Y  

0 NO EXPOSURE TO VACUUM 

Mode Experiment 

3 SLG-1 6 - 1 A  
4 SLG-2 6 -2A 
3 SLG-3 
3 SLG-4 h -4A 
4 SLG-5 h -5A 
3 M- 1 
1 M-2 h -2A 
1 M-3 
1 M-4 
2 M-5 
3 OEA-1 6 - 1 A  

OEA-2 
OEA-3 3 

3 OEA-4 
3 OEA-5 

i 3  

=T 

Mode 
5 
0 
3 
5 
0 
3 
0 
3 
3 
3 
2 
3 
4 
3 
3 

EXPERIMENT EJECTED FROM VEHICLE 

NO PROPULSION REQUIRED 

M O D E ~ I  

0 EXPERIMENT REMAINS ON VEHICLE 

EXTENSION OF ANTENNAS O N L Y  

EXPOSURE TO VACUUM 

0 EXPERIMENT EJECTED FROM VEHICLE 

PROPULSION REQUIRED 

Figure 9-3 DEPLOYMENT MODE DEFINITION 

TABLE 9-1 
EXPERIMENT DEPLOYMENT MODES 

Experiment 

SDT-1 
SDT-2 
SDT-3 
SDT-4 
SDT-5 
MS-1 
MS-2 6 -2A 
MS-3 h -3A 
MS-4 6 -4A 
MS-5 6 -5A 
MI-1 
MI-2 
MI-3 
MI-4 
MI-5 

EXPERIMENT REMAINS ON VEHICLE 

EXTENSION OTHER THAN ANTENNA 

t MODE 5 I 1 

EXPERIMENT REMAINS ON VEHICLE 

SEPARATION OF RECOVERY CAPSULE 

I 
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10.0 P R O G R A M  D E S I G N  M E T H O D O L O G Y  

10.1 GENERAL 

A computer program f o r  determining the  l imi ted  physical c h a r a c t e r i s t i c s  
of a r b i t r a r y  experiments was developed a s  a support program f o r  computer Pro- 
gram SEPTER. This support program DESIGN, w i l l  provide gross  inputs  t o  SEPTER 
ra the r  than de ta i l ed  design data on experimental payloads. 
t he  manual system synthesis  t a sks  of the manual synthesis  technique f o r  design- 
ing  experimental payloads and provides "first-pass" estimates of the  mass and 
volume of t he  complete experimental payload. 

DESIGN replaces  

The methodology used i n  DESIGN was formulated on the  bas i s  of parametric 
da ta  and design experience obtained during the  i n i t i a l  phase of t he  study. 
The output c h a r a c t e r i s t i c s  of anc i l l a ry  systems have been defined t o  s a t i s f y  
given experiment input requirements. These c h a r a c t e r i s t i c s  a r e  defined by 
means of a n a l y t i c a l  representat ions e i t h e r  i n  the  form of curve f i t s  (equations) 
o r  c h a r a c t e r i s t i c s  s t i p u l a t e d  f o r  required components. 

10.2 CONSTRUCTION AND OPERATION 

The ove ra l l  construct ion and operation of Program DESIGN i s  presented i n  
Figure 10-1. The input  t o  the  program includes (1) the  experiment sensor(s)  
requirements, (2) the  experiment operational requirements, and (3) the systems 
func t iona l  requirements. The primary output of the program includes data  on 
t h e  m a s s  and volume of each of t h e  systems and the m a s s  and volume of the 
experimental payload package. 
included i n  the output.  

Per t inent  power/energy c h a r a c t e r i s t i c s  a re  a l s o  

r A TINDE CONTROL 

.CURbl FITS h 

I H E R W  CONTROL 

TION. 

The input  t o  t h e  program c o n s i s t s  
of (1) coded answers t o  a number of 
yes-or-no quest ions concerning the 
experiment and (2) numerical data  
r e l a t i v e  t o  the  experiment, The exper- 

power requirements are defined ex terna l  

d i r e c t  input  t o  the  program. The 
operat ional  requirements a re  defined 

. MmVtNERGY iment sensor(s)  mass, volume, and 

FAClORS XPERIMNIU FOR P A n O  i n  t e r m s  of t he  durat ion of the m i s -  
s ion  and whether o r  not  the  experimen- 
t a l  payload is deployed (ejected from 

requirements a r e  defined by numerical 
data  (e.g. ,  sensor pointing accuracy 

W S  AND VOLUME 

*MINIMUM W S  OR EXTERNU SELECTION 

-I_- - - - L J  Lllr "ruL2:e). The systems fufirtlnnal 
E 

Figure 10-1 COMPUTER PROGRAM _D_ESlGN 
CONSTRUCTION AND OPERATION 

and number of TV cameras) and questions r e l a t i v e  t o  each of the  systems. 

The program u t i l i z e s  the  input  data t o  s e l e c t  t he  systems and t o  def ine 
t h e  c h a r a c t e r i s t i c s  of those systems t h a t  a r e  required.  I f  s t a b i l i z a t i o n  of 
an experimental payload is required,  an a t t i t u d e  con t ro l  system i s  s ized on 
the  b a s i s  of the mission duration and sensor pointing accuracy requirements. 
I f  a da ta  automation system i s  required,  a s e r i e s  of coded answers t o  yes-or-no 
ques t ions  a r e  u t i l i z e d  t o  s e l e c t  the  required components for t h i s  system. I f  a 
communication system i s  required,  the components of t h i s  system a r e  determined 
by the  same method t h a t  i s  used fo r  the data automation system. 
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D E  5 I G N  

EXPERIMLNT SOT- 6 

A l T l T U l l F  C n N l R O L  S Y S T E M  SYNTHESIS 

c c w n w v r s  

F I V f D  FQUIPUENT 
PR'lPf L L  ANT 
PR(JPFLLAN1 TbNKS 

OATA AIITOYATION S Y S T F *  S Y N T H E S I S  

CCUP7NFNTC 

C I I M M V N l t A T l U N S  S Y S T t M  SVNTHESIS 

COMP(1SFNTS 

MA5S 
i L n i  

3.a 
38.0 

1 . 9  

k9 .7  

MASS 
I L B I  

7 . 0  
15.0 

1 7 . 0  

I L 9 l  

4 . 5  
2 . 5  
1.0 
2 . 5  
1.5 
1.0 

13 .0  

VUL 
ICU.IN.1 

66n.n 

454 .1  

1 1 1 k . 7  

VOL POYER 
1CU.IN.l I Y A T T S I  

33.0 2 . 0  
7 1 5 . 0  5 5 . 0  

1511.0 41.0 

vnL POYER 

60 .0  3 5 . 0  

1CU.IN.I  I U A T T S I  

4n.g 6.0 
5 0 . 0  0. 
k0.0  10.0 

6 2 . 0  0 .  

314.0 51.0 

6 2 . 0  n. 

1 
P I l Y t R  S Y S T F V  S Y N T H F S I S  

M 1 5 S I O Y  O U l A T l O N l D A Y S l ~  k . 9  

PEAK 0 4 1 L V  TOTAL 
S Y S I E M S  P0UER N t R G Y  FNERGY 

I V A T T S I  I Y I T ~ - H R l ~ A V l l ~ A T T - ~ Y )  

The program u t i l i z e s  the  mission 
durat ion and t h e  pe r t inen t  power/energy 

sensors t o  determine the  ove ra l l  power/ 
energy requirements of t he  experimental 
payload package. These ove ra l l  power/ 
energy requirements a r e  computed by 
op t iona l ly  specifying (1) continuous 
operat ions f o r  the  mission durat ion,  I 

(2) duty cyc les  (hours of operat ion 
per day), o r  (3) average d a i l y  energy 
requirements. I f  an a t t i t u d e  con t ro l  
system i s  required,  it is  assumed t h a t  
it w i l l  operate  continuously a t  peak 
power. The se l ec t ion  of t he  type of 
power system can be spec i f ied  a s  input  
o r  s e l ec t ed  by the  program on the  bas i s  
of minimum mass. The thermal cont ro l  
system i s  assumed t o  be a cooling sys- 
t e m ,  and the  cooling requirements a r e  
evaluated on the  bas i s  of the t o t a l  
thermal i n e r t i a  of t he  experimental 
payload mass and the  r a d i a t i v e  hea t  
r e j e c t i o n  c a p a b i l i t y  of the experimen- 

I 
requirements of the  var ious systems and 1 

1 
I 

TI4FOUbL COYTDQL SVSTEM S Y N T n E S l s  

T Y P t  I1F SYSTFU-PASSIVE 

*FAT 1 1 \ 5 I P 4 T l n N  PAVIMFTFN 10.01k Y b T l S I S O . I N .  I IS L E S S  THAK 
C 9 1 T I C A l  V A l U F  lr.Ob7 Y A T T S I 5 O . I N . I  

W A r S  A * Q  VOLUVF A S T I I M t O  TO R t  NECLI(.lr)LE 

84.1 
3 I Z . k  

s9.5 
k 5 . b  

201.4 

15117.1  
6 1 0 3 . 1  

21250.1  

6 3 1 5 0 . 3  

I I l T A L - R A S I C  COMPONENTS 1CU.IN.I 

T I l T b L  V n L W F  OF E X P E R I M t N T  1CU.IN. l  

Figure 10-2 PROGRAM D E S  I GN - EXAMPLE OUTPUT DATA 

t a l  payload envelope area.  I f  these  
evaluat ions ind ica t e  t h a t  an a c t i v e  
system is  required,  the  se l ec t ion  of 
a system is  based on minimum mass. I f  
a passive system is  indica ted ,  t he  mass 
and volume requirements a r e  assumed t o  
be neg l ig ib l e  (within the  o v e r a l l  accu- 
racy of t h e  program). 

The approximate t o t a l  mass of t he  
experimental payload i s  determined by 
summing the  masses of the  systems and 
sensors  and applying a f a c t o r  (based 
on manual design techniques and experi-  
ence) t o  the  sum t o  determine t h e  
s t r u c t u r a l  mass and e j ec t ion  equipment 
mass ( i f  deployment i s  requi red) .  The 
approximate t o t a l  volume of t h e  experi- 
mental payload is  determined by summing 
the  volumes of t he  systems and multi- 
plying t h i s  sum by another f ac to r  based 
on manual design experience. One value 
is appl ied  f o r  onboard experimental 
payloads, and a d i f f e r e n t  value i s  
appl ied  f o r  deployed payloads. An 
example of t h e  output  from Program 
DESIGN i s  given i n  Figure 10-2. 



11.0 D E F I N I T I O N  A N D  A N A L Y S I S  O F  

I 

I 

M I S S I O N  C H A R A C T E R I S T I C S  

11.1 GENERAL 

A preliminary task in the overall development of Program SEPTER was to 
define and analyze the pertinent mission characteristics of individual Saturn 
missions. This preliminary task had to be accomplished in order to (1) obtain 
representative data for the Mission/Vehicle/Primary Payload Characteristics 
Library, and (2) to formulate the program logic for representative deployment 
modes and the calculation of orbital elements and mission parameters for any 
deployment mode and deployment time. 

11.2 SATURN MISSION TYPES 

Initially, a survey was made to determine which mission types to consider 
The Saturn IB/Apollo vehicle/payload was used as for definition and analysis. 

the basic configuration for the study, and missions compatible with this con- 
figuration were investigated in particular. These missions consist primarily 
of the Earth-orbital, low-altitude, low-inclination type. Representative 
launch trajectory data for this mission type are included in the Mission/Vehi- 
cle/Primary Payload Characteristics Library of the program. 

Other mission types, such as suborbital missions, were investigated for 
Although missions of this type are not precluded by the program, inclusion. 

their use for experimental payloads is considered to be limited because of (1) 
the short time duration of these missions, and (2) mission and vehicle con- 
straints on experimental payload ejection. 

11.3 PERTINENT MISSION CHARACTERISTICS 

The mission characteristics that were found to be pertinent to the over- 
all development of the computer program may be categorized as data of the 
following types: (I) trajectory parameters , (2) sequence-of-events , and (3) 
sxpertizcst=l paglsad pcaaihle deployment modes. 

TIM PROM LAUNCH - Y< 

Figure 11-1 SATURN I B  TYPICAL LAUNCH 
TRAJECTORY TI ME H I  STORY 

11.3.1 Trajectory Parameters 

Time histories of the trajectory 
parameters of a typical Saturn IB/A~- 
pol10 launch trajectory were obtained 
from nominal trajectory data for opera- 
tional vehicle SA-207. Time histories 
of the parameters which are used to 
define the vehicle's Earth-relative 
position (latitude, longitude, and 
altitude) and its inertial velocity 
vector (velocity magnitude, flight 
path angle, and azimuth angle) are 
given in Figure 11-1. These six posi- 
tion and velocity parameters complete- 
ly specify the vehicle's orbital 
elements at a given time. They are 
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also used for the determination of the orbital elements of an experimental 
payload for any deployment mode and deployment time. 

11.3.2 Sequence-of-Events 

Mission sequence-of-events data are required to identify (1) experimental 
payload deployment opportunities/constraints and possible modes, and (2) phys- 
ical environments to which the experiments are subjected during various mission 
phases. The staging, jettisoning of hardware, separation of the payload from 
the vehicle, and the separation, transposition, and docking maneuvers of pay- 
load components are typical events which must be defined as a function of time 
in the mission. 

Typical sequence-of-events data prior to injection of the primary payload 
are given along with the launch trajectory data in Figure 11-1. 
sequence-of-events data subsequent to primary payload injection into orbit are 
given in Table 11-1 for a manned Apollo development mission. These data are 
approximate and were formulated primarily to provide representative data for 
the Mission/Vehicle/Primary Payload Characteristics Library. 

Representative 

TABLE 11-1 
TYPICAL SEQUENCE-OF-EMNTS AFTER INJECTION INTO ORB I T  

REFERfNCf m l T :  M C E E  - 215.0KM PERIGEE - I55.OKM INCLINATION - 300 
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Figure 11-2 VARIATION OF ORBITAL ELEMENTS ALONG 
SATURN IB  TYPICAL LAUNCH TRAJECTORY 

the injection of the primary payload. 

11.3.3 Experiment Deployment 

Mission characteristics defined 
and analyzed for the computer program 
included mission imposed deployment 
opportunities/constraints and possible 
deployment modes as a function of time 
in the mission. A secondary analysis 
was conducted to determine the effects 
of applying small propulsive velocity 
increments to the experimental payload 
at deployment time (for experimental 
payloads which require ejection). 

A typical Saturn IB launch tra- 

application of modes of experimental 
payload deployment to be used during 
the launch into orbit (up to primary 
payload injection). In Figure 11-2, 
the variation and sensitivity charac- 
teristics of some primary orbital ele- 
ments are shown along a typical low- 
altitude, low inclination orbital 
launch trajectory as injection of the 
primary payload into its orbit is 
approached. In this example, the time 
during which an experimental payload 
could be non-propulsively ejected and 
attain an individual orbit is limited 
to approximately two seconds prior to 

was analyzed in order to deter 
mine jectorx t e feasibility and the limits of 

The extreme sensitivity of perigee 

, 

altitude to time before injection indicates that this mode of- deployment 
(ejection without propulsion) is probably not desirable during the launch 
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phase 
t i on ,  
f o r  e, 

fo r  t h i s  type of mission. 
experimental payload locat ions defined i n  t h i s  study are not  accessible  
ec t ion  un t i l  af ter  the  separation of vehicle/payload components. 

In addition, f o r  the Saturn/Apollo configura- 

During the primary mission o r b i t a l  coast  phase, experimental payloads may 

For many experiments, the o r b i t  achieved by the primary pay- 
be deployed in  var ious modes so t h a t  the maximum da ta  acquis i t ion  object ives  
can be achieved. 
load may be adequate, 
depending upon t h e  physical environment required f o r  t he  experiment: 
experimental payload remains f ixed t o  the vehicle ,  and (2) the  experimental 
payload i s  physical ly  separated from the vehic le  by some mechanism, e.g., a 
spr ing,  which does not  appreciably a f f e c t  the o r b i t a l  elements at  t h e  t i m e  of 
deployment. 

Two bas ic  modes of  deployment are opt iona l  i n  this  case, 
(1) the  

For some experiments, t he  o r b i t  achieved by the  primary payload may be i n -  
compatible with the data acquis i t ion  objectives set  f o r  the experiment. 
l og ica l  mode of deployment i n  this  case would be one i n  which propulsion i s  
applied t o  the  experimental payload i n  order  t o  a t t a i n  a more compatible o r b i t .  

The 

N O W  AV UPl lCAl ION N O R W  TO V 
,,*v EITHER WWARD OR DOWNWARD 

R E S U T S  IN THE S * M E  ORBIT 
ALTITUDES 300 

ZL 

f I m 40 60 80 I r n  
D E n O V M N T  AV - m h c  

Figure 11-3 EFFECT OF EXAMPLE AV APPLICATION ON 
APOGEE AND PERIGEE ALTITUDES AT INJECTION OF 

PRIMARY PAYLOAD 

A l i m i t e d  inves t iga t ion  w a s  con- 
ducted t o  i l l u s t r a t e  the e f f e c t s  of 
applying s m a l l  impulsive ve loc i ty  
increments ( A  V ' s )  t o  an experimental 
payload at deployment. Figure 11-3 
shows the r e s u l t s  relative t o  apogee 
and perigee a l t i t u d e s  when A V ' s  are 
applied normal t o  the  in j ec t ion  velo- 
c i t y  vector  i n  the  plane of  the o r b i t .  
The t i m e  of A V  appl ica t ion  w a s  assum- 
ed t o  be a t  the  i n s t a n t  of  i n j ec t ion  
of the  primary payload i n t o  i t s  s l ight-  
l y  e l l i p t i c a l  o r b i t .  The r e s u l t s  show 
that an appreciable decrease i n  per i -  
gee a l t i t u d e  and increase i n  apogee 
a l t i t u d e  can be achieved with S m a l l A V ' s .  

-1, rlle d,,, "+I ni..nn i n  Figrrre 11-l i l l u s t r a t e  t h e  major effects of applying 
s m a l l  A V ' S  i n  both in-plane and out-of-plane orthogonal d i rec t ions  t o  an 
experimental payload f o r  deployment a t  some spec i f ied  t i m e  in  t h e  orbi ta l  
phase. The sketch i n  the  upper r i g h t  i n  Figure 11-4 defines the  A V  coordi- 
na te  system. The major e f f e c t s  are summarized as follows: 

1. Tangential  A V a f f e c t s  the  value of the  semi-major axis 
aiid the eteentrieity zf the nrhit; 
changes are independent of  the point  of A V appl icat ion 
i n  the  o r b i t  ( i .e. ,  time of  deployment), but eccentr i -  
c i t y  i s  a function of the  t i m e  of deployment ( fo r  an 
e l l i p t i c a l  o r b i t ) .  

Semi-major axis 

2. Normal A V  affects the  value or o r b i t  eccent r ic i ty .  The 
effect i s  a function of  deployment t i m e .  
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3 .  Latera l  AV a f f e c t s  the o r b i t  i nc l ina t ion  and the longitude of the  
ascending node. 
Maximum change of i nc l ina t ion  occurs a t  the  nodes, and maximum nodal 
s h i f t  occurs a t  t he  maximum l a t i t u d e  point .  
occurs a t  maximum l a t i t u d e ,  and no nodal s h i f t  occurs a t  the  nodal 
point. 
maximum l a t i t u d e ,  there  i s  l e s s  change i n  the  inc l ina t ion  and more 
change i n  the longitude of the  ascending node. 

The e f f e c t s  a r e  dependent on deployment t i m e .  

No change of i nc l ina t ion  

AV appl ica t ion  i s  moved from the node toward As the  point of 

Reference Orbit: 
APOGEE - 215.8 km 

*PERIGEE - 155.8 km 
INCLINATION - 300 

SEMI-MAIOR AXIS 
CHANGES ARE 
INDEPENDENT 
OF DEPLOYMENT 

I L 
I 0 +3( 

AV - m/sec 

AV Coordinate System 
fie* 

4 Tangential A V T k  
1 .o 1 I 

A V  = 300 

0. 

i= 
g 0. 

8 
5 

0. 

0. 

,8 

DEPLOYMENT TIME - sac 

Normal AV - mlsec 

I I I  
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DEPLOYMENT TIME I AFTER LAUNCH - sac 
DEPLOYMENT TIME 

AFTER LAUNCH -sac 

Figure 11-4 EFFECTS OF DEPLOYMENT AV COMPONENTS ON ORBITAL ELEMENTS 
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I 12.0 E X P E R I M E N T  C A V I T Y  D E S C R I P T I O N  

M E T H O D O L O G Y  

12 .1  GENERAL 

The base l ine  configurat ion selected f o r  use i n  t h i s  s t u d y . i s  the  Saturn 
IB/Apollo with Command Module, Service Module, and Lunar Excursion Module. The 
a reas  considered i n  t h i s  study as  poten t ia l  experiment loca t ions  a re  (1) the 
LEM adapter f a i r i n g ,  (2)  t he  Instrument Unit ,  and (3)  the  S-IVB Stage forward 
s k i r t .  To s implify the  descr ip t ions  of the  loca t ion ,  these areas  a r e  subdivid- 
ed i n t o  seven zones a s  shown i n  Figure 12-1 .  The zones a r e  numbered i n  sequence 
beginning with the  zone neares t  t he  Service Module and progressing a f t  t o  the  
S-IVB Stage. Separate zones a r e  provided fo r  the  Instrument Unit and the S - I V B  
cold panels.  

I 
I 

, 

ZONE 2 

ZONE 3 7  
I i 

Y 

LEM ADAPTER 

BlApollo 
ration 

' LLAUNCH 
ESCAPE 
SYSTEM 

MODULE 

.VICE MODULE 

Zone Location 
1 .  SURROUNDING SM ENGINE SKIRT 
2. SURROUNDING LEM ASCENT STAGE 
3. SURROUNDING LEM DESCENT STAGE 
4. RETWEEN LEM LANDING LEGS 
5. IU COLD PANELS 
6. S-IVB FWD. SKIRT COLD PANELS V 

/////// -S-IVB STAGE 7. S-IVB I BELOW IU WORK PLATFORM 

Figure 12-1 IN-FLIGHT EXPERIMENT CAVIT Y LOCATIONS 

Each zone contains  severa l  individual  c a v i t i t e s  which a r e  the po ten t i a l  
experiment loca t ions .  The zones were divided i n  such a way t h a t  the c a v i t i e s  
contained i n  each zone would be s imilar  i n  terms of loca t ion ,  environment, and 
i n s t a l l a t i o n  requirements. The cavi ty  shapes were obtained by providing the  
following clearances from the Saturn IB/Apollo vehicle:  

1. A s ix- inch clearance was allowed between each cav i ty  and the LEM, 
Service Module, S- IVB Tank, and a l l  Work Platforms t o  provide adequate 
space f o r  i n s t a l l a t i o n  and maintenance of the experiment package. 
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2. A three-inch clearance was provided between each cavi ty  and the LEM 
Adapter Fa i r ing  t o  provide fo r  mounting s t ruc tu re .  

3. Adequate c learance was provided fo r  ex t r ac t ion  of the  LEM from the 
Adapter Fa i r ing  during an o r b i t a l  mission. 

4 .  Direct attachment t o  the cold panels i n  the  Instrument Unit and the  
S-IVB Stage forward s k i r t  was assumed. 

Clearances from e x i s t i n g  components on t h e  cold panels were p e r  NASA 5. 
Report, Preliminary Defini t ion of Saturn Instrument U n i t  and S-IVB 
Support Capab i l i t i e s ,  dated 15 A p r i l  1965. 

The c a v i t i e s  i n  each zone a r e  i d e n t i f i e d  as separa te  dash numbers of t h a t  
Cavi t ies  a re  numbered clockwise looking forward on the vehicle  with the  zone. 

numbers beginning a t  pos i t ion  1 which i s  the  down pos i t ion  i n  Earth o r b i t .  
numbering of the c a v i t i e s  i n  zone 4 is  i l l u s t r a t e d  i n  Figure 12-2. 

The 

Figure 12-2 ZONE 4 CAVITIES 

A t o t a l  of 53 c a v i t i e s  were defin- 
ed a s  po ten t i a l  payload loca t ions ,  and 
each of these c a v i t i e s  was described i n  
terms of t he  following: 

1. Volume/Geometry 

2 .  Mass capac i ty  

3. Environment 

4 .  Deployment capab i l i t y .  

The V ,  R ,  and L ax i s  system i s  used i n  def in ing  the  dimensions and orien- 
The V a x i s  i s  genera l ly  p a r a l l e l  t o  the vehic le  long- t a t i o n  of t he  c a v i t i e s .  

i t u d i n a l  a x i s ,  the R ax i s  i s  general ly  normal t o  the  ex te rna l  contour of the 
vehic le ,  and the L ax i s  i s  90 degrees t o  both the  V and R axes. 

1 2 . 2  VOLUME/GEOMETRY 

The geometry of each cav i ty  was defined i n  t e r m s  of i t s  capac i ty  t o  con- 
t a i n  the standard geometrical shapes, the  para l le lep iped ,  the  sphere,  and the  
cyl inder .  Definit ion of the  capac i ty  of the  s tandard shapes was complicated 
by the  f a c t  t h a t  most of the c a v i t i e s  were tapered. The capac i t i e s  shown i n  
Figure 12-3 were defined i n  the  following manner: 

1. Paral le lepiped - The ax i s  s y s t e m v ,  R, and L was used i n  descr ibing 
the dimensions of the  para l le lep ipeds .  
yielded t h e  type of curves shown i n  Figure 12-3 i n  which t h e  L dimen- 
sion i s  a function of t he  R dimension f o r  var ious  values  O f  V.  

An ana lys i s  of cav i ty  drawings 

2.  Sphere - Layouts were made f o r  each c a v i t y  t o  show the  maximum s i z e  of 
sphere tha t  the  c a v i t y  would contain.  

3. Cylinder - Defini t ion of t he  c y l i n d r i c a l  capac i ty  was accomplished f o r  
a cylinder or iented with i t s  longi tudina l  a x i s  along each of the V ,  L ,  
and R axes. An ana lys i s  of the c a v i t y  drawings yielded the type of 
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L U H  C A W N  DfFlNfD M CNACnY TO CONTUN CERTAIN STANDUD GKWAtICAl SHAPE 

Figure 12-3 CAVITY GEOMETRY 

curves shown. The diameter D i s  plot- 
t ed  a s  a function of the cy l ind r i ca l  
length H f o r  each of the  three  orien- 
t a t i o n s  with H equal t o  V, R ,  and L. 
The volume, geometry, and mass capaci ty  
of the  53 c a v i t i e s  a r e  presented i n  
Figure 12-4. 

12.3 MASS CAPACITY 

The mass capac i t ies  shown i n  
Figure 12-4 fo r  cav i t i e s  i n  zones 1, 
2 ,  3,  4 ,  and 7 a r e  predicated on a 
Mode I operation i n  which only one 
experiment a t  a t i m e  i s  considered. 
The 1,000-pound capacity of the  cavi- 
t i es  i n  zones l, 2,  and 3 represents  

the t o t a l  load-carrying capab i l i t y  of each segment of the LEM adapter- f a i r ing .  
For a Mode I1 operation the capaci ty  of a cav i ty  would be equal t o  1,000 pounds 
l e s s  the mass of the experiments already located on the pa r t i cu la r  adapter 
f a i r i n g  segment. The mass capacity of c a v i t i e s  i n  zones 4 and 7 i s  based on 
values obtained from the "Saturn I B  Payload Planner's Guide," Douglas Report 
SM-47010, Douglas Missile and Space Systems Division, June 1965. 
of 2,500 and 1,000 pounds represent t h e  t o t a l  load-carrying capab i l i t y  of those 
areas  of the  vehicle .  The values f o r  a Mode I1 operation can be obtained by 
the method previously discussed. The mass capac i t i e s  of c a v i t i e s  i n  zones 5 
and 6 a r e  based on the load-carrying capabi l i ty  of the  individual cold panels 
and a r e  appl icable  t o  both Mode I andMode 11. 

These values 

12.4 DEPLOYMENT CAPABILITY 

The "cavity deployment capabili ty" r e f e r s  t o  the a b i l i t y  of a cav i ty  t o  
contain experiments t h a t  require  exposure t o  vacuum, extension of an experiment 
component from the  launch vehicle ,  separation of the  experiment payload from 
the launch vehicle ,  o r  separation of a data  recovery capsule. This capab i l i t y  
i s  l imi t ed  by the  launch vehicle configuration and by the locat ion of the cav i ty  
on thc vehicle. In  Section 9,  Figure 9-3, the  experiment requirements a r e  de- 
scr ibed by six deployment models, Mode 0 through Mode 5. 
t he  experiment deployment modes t h a t  each cav i ty  i s  capable of containing, and 
the  maximum angle a t  which a component can be deployed from an experiment i n  
the  cavi ty .  
vehicle  configuration i n  which the Apollo payload has separated and the LEM 
adapter f a i r i n g s  a re  i n  the open posit ion.  

Table 12-1 presents  

A s  shown i n  Figure 9-3, a l l  of the modes except Mode 0 require  a 

12.5 ENVIRONMENT 

12.5 1 Thermal 

The thermal environment associated with each cavi ty  was defined, Table 
12-2 ,  i n  terms of the  maximum allowable r a t e  of heat  d i ss ipa t ion ,  the maximum 
t o t a l  short-period heat d i ss ipa t ion ,  and the time-space averaged sink tempera- 
t u re .  
spec i f i ca t ion  i s  required fo r  each phase - prelaunch, launch, and o r b i t .  

These parameters a re  dependent on the mission phase, and a separate 
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12.5.2 Vibration and Acoustics 

170-  230 

2m - 240 

180- 220 

IR I -233  
2 5 - 6 5  

15 - 55 

I 5  - 5 3  
140-180 

The v ibra t ion  and acoust ic  environments associated with each cavi ty  were 
defined i n  terms of s inusoidal  v ib ra t ion  l e v e l s  and a maximum ove ra l l  sound 
pressure l eve l  as shown i n  Figure 12-5. 
t i o n  w e r e  extracted from the  "Saturn I B  Payload Planners '  Guide". These values 
represent  the  maximum environments t o  which components contained i n  these cavi- 
t i es  would be subjected.  

The ac tua l  values  used i n  the  def ini-  

25 - 65 

35 - 65 
30 -65  
2 5 - 6 5  

-105 - 55 

-105 - 55 

-45 - 30 

IW-140 

1 2 .5 . 3  E l e c  t romagne t i c  

The electromagnetic environment of the launch vehic le  w a s  described by a 
narrowband and broadband t r ansmi t t e r  s igna l  and a narrowband and broadband 
rece iver  s e n s i t i v i t y  a s  shown i n  Figure 12-6. 

TABLE 12-1 
CAVITY POSSIBLE DEPLOYMENT MODES AND DIRECTIONS 

-DIRECTION MEASURED FROM VEHICLE 9 FOR MODE 4 DEPLOYMENT ONLY 
+ e  UP, - DOWN +#RIGHT, - LEFT 

cavity 
No. 

1-1 
1-2 
1-3 
2-1 
2-2 
2-3 
2-4 
2-5 
2-6 
2-7 
3- I 
3-2 
3-3 
3-4 
3-5 
3-6 
3-7 
3-8 
4- I 
4-2 
4-3 
4-4 
Zones 
5 . 6 h 7  

Possible 
Deployment 

Modes 
5, 4, 3, 2, 1 .  0 

4. 3, 2. 1, 0 
5,4, 3,2, I ,  o 

4. 3. 2. 1 ,  0 
5, 4, 3. 2. 1, 0 

4. 3.  2. I .  0 

4; 3; 2; I ;  0 
4, 3,2, 1. o 
4, 3, 2, 1. 0 
4, 3, 2, 1, 0 
4, 3. 2. I. 0 
4; 3; 2; 1; 0 
4. 3, 2, 1, 0 

Direction 

9 
+72 1/2 TO -72 1/2 
+35 T O 4 1  
+72 1/2 TO -72 1/2 
+64 TO -35 

+35 TO -64 
+35 TO -64 
+58 TO -62 
+62 TO -58 
+M TO -35 
+53 TO +9 
+47 TO +9 
+41 1/2 TO -41 1/2 
-9 TO -47 
-9 TO -54 
-9 TO -47 
+41 1/2 TO -41 1/2 
+47 TO 19 
+41 TO 0 

+58 TO -58 

0 TO -41 
0 TO -41 

+41 TO 0 

0 

legrees) + 
+81 TO -35 
+72 1/2 TO -72 1/2 
+35 TO -81 
+56 TO -49 1/2 
+70 1/2 TO -35 
+M T O - 4 9 1 / 2  
+49 1/2 TO -56 
+35 TO -70 1/2 
+35 TO -70 1/2 
+49 1/2 TO -56 
+4l 1/2 TO -41 1/2 
+47 TO+9 
+53 TO +9 
+47 TO+9 
41 1/2 TO -41 I / 2  
-9 TO -47 
-9 TO -53 
-9 TO -47 
+4l TO 0 
+41 TO 0 
0 TO -41 
0 TO -41 

0 

TABLE 12-2 
CAVITY THERMAL ENVIRONMENT 

Prelaunch 
MAX U L O W M L E  U R  OF HIAT 
DISSItATlON - U L  CAVITIIS 

MAX TOTU SHORT ?I1100 HEAT 

DISSIPATION - U L  CAVITIIS 

(BTU) 

TIME - SPACI A M U G f D  TfW 

PF, 
CAVITIIS 1-1 THRU 1-3 

2-1 THW 2-7 

3-1, 3-3, 3-5, h 3 - 7  

3-2* 3-4, 3-b, h 3-0 
4-1 THW 4-4 

5-1 THW 5-4 
6 1  THW b-5 
7-1 T H U  7-10 

I l7 

35 - 75 

35 - 75 

35 - 75 

35- 75 
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Figure 12-5 CAVITY VIBRATION AND 
ACOUSTIC ENVIRONMENT 
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Figure 12-6 VEHICLE ELECTROMAGNETIC ENVIRONMENT 
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13.0 E X P E R I M E N T / M I S S I O N  

E F F E C T I V E N E S S  A N A L Y S I S  

I 13.1 EXTERNAL ANALYSIS APPROACH 

1 Experiment effectiveness is defined as the percent of data acquisition 
I objectives accomplished. 

of the initial elements of the deployed orbit (experimentlmission effectiveness) 
Other factors (e.g., payload location, angular rates, reliability, etc.) are 
recognized as potentially significant, but generally secondary, influences. 

initial or- 
bital elements is accomplished by the use of methods (including auxiliary cow 

For the type of experimental payloads considered in 
I 

I 

this study (i.e., specified components), effectiveness is primarily a function 

I 
I The determination of experiment effectiveness as a function of the 
I 
I puter procedures) which are not included in Program SEPTER. 

The experiment design orbit is defined as that initial orbit which yields 
maximum effectiveness. In some cases, the experiment effectiveness of the de- 
sign orbit is less than 100 percent. This implies that no single orbit can be 
used to attain all the data acquisition objectives of the scientific program. l 

I 
Each experiment is first analyzed in order to define its data acquisition 

objectives and to determine the orbital elements which affect these objectives. 
The trajectory/mission data necessary to relate the experiment effectiveness 
to the initial orbital elements are then generated by the use of auxiliary 
computer procedures. For some experiments, the experimenter and the mission 
analyst may have to perform a rather extensive analysis in order to arrive at 
meaningful effectiveness relationships. After these relationships have been 
established, effectiveness data are prepared in a form acceptable for inclu- 
sion in the Experimental Payload Characteristics Library of Program SEPTER. 

I 

13.2 EXAMPLE EFFECTIVENESS ANALYSES 

The extent and complexity of experiment effectiveness analysis vary con- 
siderably with the various experiments which are being considered. 
to demonstrate this variation and to Illustrste the actual analyses which 
must be performed to obtain effectiveness data, three example experiments are 
presented in the following subsections. 

In order 

13.2.1 Example Effectiveness Analysis of Experiment 
MS-3, Vaporization of Molten Metals 

This vaporization experiment provides an i l lustratfon of one of the 
more complex analyses required to obtain effectiveness relationships. The 
data acquisition objective set for this experiment is to determine the vapori- 
zation characteristics of various molten metals in near-Earth orbits. The 
purpose of this data acquisition objective is to verify the predicted (calcu- 
lated from theory) vaporization rates of metals in a very l o w  atmospheric 
pressure environment. To obtain 100 percent effectiveness, the experimenter 
specified that the atmospheric pressure must not exceed 
Hg for the duration of the experiment (29 hours). The basic effectiveness 
variables are, therefore, atmospheric pressure and time. 

millimeters of 
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Figure 13-1 DETERMINATION OF TIMING 
EFFECTIVENESS FACTOR - EXPERIMENT MS-3 
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Figure 13-2 DETERMINATION OF ALTITUDE 
EFFECTIVENESS FACTOR - EXPERIMENT MS-3 

To accomplish the data acquisition 
objective, the experimenter planned 18 
vaporization tests, using eight select- 
ed materials. Each material was rated 
on the basis of the scientific and 
practical value of the data it could 
yield. In the experiment plan of 
Figure 13-1, ratings A ,  B, C y  etc. 
designate decreasing yields. The 
individual experiments were then sched- 
uled on the basis of this rating and 
the predicted vaporization rates in 
such a way that the amount and value 
of test data would decrease with time. 
The experiment schedule is partially 
illustrated in Figure 13-1. 

By the use of the experiment 
schedule,the experimenter subjectively 
evaluated the data yield as a function 
of experiment duration to arrive at a 
"timing effectiveness" function Et (t) 
as shown in the upper right graph of 
Figure 13-1. The timing effectiveness 
factor, Et, is an index to the amount 
and value of the test data accumulated 
at any time that the experiment is 
terminated. The experimenter also as- 
signed altitude "weighting factors ," 
fh, to each of several blocks of tests, 
as shown in the listing at the extreme 
right in Figure 13-1. These factors 
were used for computing the "effective" 
altitude (as defined in Figure 13-2) 

of each block of tests. In the case of short tests, which occur near apogee, 
the factor is nearly 1.0; consequently, the effective altitude is weighted 
toward the average apogee altitude. 

Because of the time variance of the altitude and, therefore, atmospheric 
pressure, the concept of effectiveness altitude was introduced to simplify the 
experiment effectiveness analysis. For a given test, the effective altitude 
was determined by adding the weighted average of the difference between the 
perigee and apogee altitudes to the average perigee altitude (see equation in 
Figure 13-2). The weighting factor, fh, in the equation was arrived at sub- 
jectively by the experimenter. In the example experiment, significant decay 
of perigee and apogee altitude occurred during the experiment. 
tests were divided into blocks, and the effective altitude was determined for 
each block. After the experimenter determined the effective altitude, the 
altitude effectiveness factor, Eh, was defined subjectively as a function of 
the calculated effective altitude. This relationship is given in the lower 
left graph in Figure 13-2. 

Therefore, the 

A sample analysis of an orbit with an initial perigee altitude of 185 
kilometers (100 nautical miles) and an initial apogee/perigee altitude ratio 
of 1.2 is shown in Figure 13-2. The experiment was divided into seven test 
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blocks, and the effective altitude was computed for each block. 
tude effectiveness curve, Eh was determined and tabulated for each test block. 
From the tabulated data in Figure 13-2, it can be seen that the altitude ef- 
fectiveness decreases rapidly after test 16 and becomes zero in the last test. 
The procedure illustrated in Figure 13-2 was repeated for a matrix of initial 
perigee altitudes and apogee/perigee altitude ratios to complete this portion 
of the analysis. 

effectiveness from the timing and altitude effectiveness factors, Et and Eh. 
This computation was done by multiplying the sum of the product (AEt* Eh) by 
an eccentricity factor, fe. The quantity AEt is the change in Et over the 
duration of the test block, and Eh is the altitude effectiveness of the test 
block. The eccentricity factors were used to adjust the effectiveness rela- 
tionship for a slight degradation of the data caused by the altitude variation 
that results from orbital eccentricity. 

From the alti- 

The final step in this example analysis was to compute the experiment 

Example Experiment MS-3 
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Experiment effectiveness is shown 
in Figure 13-3 as a function of the 
knitial orbital elements (i.e., peri- 
gee, altitude, and apogee/perigee alti- 
tude ratio). These are the data that 
are required for the effectiveness 
segment of the Experimental Payload 
Characteristics Library. 

The design orbit for the example 
experiment is an hitially circular 
orbit at an altitude of 333 kilometers 
(180 nautical miles). 
the maximum effectiveness for the de- 
sign orbit is 100 percent. Because of 

In this case, 

the eccentricity factor, only circular 
orbits can achieve 100 percent effec- 
tiveness. 

Figure 13-3 EFFECTIVENESS A S  A FUNCTION 
OF THE INIT IAL ORBITAL ELEMENTS - EXPERIMENT MS-3 

13.2.2 Example Effectiveness Analysis of Experiment 
s - d - 2 ,  w-.- Iluc.lryI- -at-,, Cnndensation kn Zero Gravity 

A second experiment which illustrates a simpler and perhaps more typical 
effectiveness relationship is shown in Figure 13-4. The objective of experi- 
ment SLG-2 is to observe nucleate condensation in a zero-gravity environment. 
Data are recorded on magnetic tape and relayed back at four-hour intervals. 
In order to achieve 100 percent effectiveness, the drag acceleration must be 
less than 0.01 g for the duration of the  exprtment (24 hours). Should the 
experiment be terminated during one of the four-hour test intervals, the data 
recorded in that interval are considered unavailable. Therefore, the effec- 
tiveness variation with experiment duration is a series of step functions as 
shown in the upper left graph in Figure 13-4. 

To relate experiment effectiveness to the initial perigee and apogee alti- 
tudes, the useful orbital lifetime was determiaed as a function of these ele- 
ments (lower left graph). 
defined as the period of time when the drag acceleration is less than 0.01 g 
(i.e., perigee is less than about 104 kilometers). 
curves of perigee altitude versus apogee/perigee ratio were generated for 40, 

The useful orbital lifetime for this experiment is 

From the lifetime data, 



Cxprrimnb SLC-2, NucImte Cmdensati in Zm 8-,  1 2 - ,  16- ,  20-, and 24-hour o r b i t a l  
l i f e t imes  corresponding t o  16.7- ,  
33.3-, 50-, 66.7- 83.3-, and 100-per- 

Fw a Duntim d 24 Hours cent  e f fec t iveness  values ,  respective- 

Gravy. 

", l y .  Any i n i t i a l  set of perigee and 
apogee a l t i t u d e s  which provide an 

an e f fec t iveness  of 100 percent a s  
shown i n  the lower r i g h t  graph i n  
Figure 13-4. 
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Figure 13-4 EXAMPLE EXPERIMENT EFFECTIVENESS 
ANALYSIS - EXPERIMENT SLG-2 

of Experiment SDT-4, Cryogenic 
Propel lant  Storage System 
Performance 

The objec t ives  of experiment SDT-4 
a re  t o  (1) evaluate the  performance of c e r t a i n  thermal pro tec t ion  systems, (2)  
determine the degree of propel lant  s t r a t i f i c a t i o n ,  and (3) evaluate  the per- 
formance of an u l lage  o r i en ta t ion  system f o r  the reduction of propel lant  s t r a t -  
i f  i ca t ion .  

The effect iveness  of SDT-4 i s  dependent upon four  parameters: (1) usefu l  
I o r b i t a l  l i f e t ime ,  (2) mean drag acce lera t ion  of i n i t i a l  o r b i t  (3) change i n  

mean drag acce lera t ion  over t he  mission dura t ion ,  and (4) i n i t i a l  i nc l ina t ion  
t o  the terminator. Parameters ( l ) ,  (2) and (3) a r e  determined by the atmos- 
pheric decay of o r b i t  a l t i t u d e  and can be expressed i n  terms of the  i n i t i a l  
perigee and apogee a l t i t u d e .  Thus, the experiment e f fec t iveness  can be de- 
f ined  i n  terms of the i n i t i a l  perigee a l t i t u d e ,  the i n i t i a l  apogee/perigee 
a l t i t u d e  r a t i o ,  and the  i n i t i a l  i nc l ina t ion  of t he  o r b i t  t o  the  terminator.  

Experiment e f fec t iveness  can be EX?€RlMNl SDT-4, CRYOGlNlC PROlRLANl SlORAGf SYITEM WRFORMNCL 

expressed a s  the  product of the  timing 
f a c t o r  E t ,  t he  i n i t i a l  mean accelera-  
t i o n  f a c t o r  Ea, the  mean acce lera t ion  
change f a c t o r  E Aa, and the  inc l ina-  
t i o n  t o  terminator f ac to r  E f 2 .  
bas ic  e f f ec t iveness  f ac to r  r e l a t ion -  
sh ips  ( see  Figure 13-5) w e r e  e s t ab l i sh -  
ed by the  experimenter a f t e r  an anal- 
y s i s  of the  e f f e c t s  of mission durat ion 
and drag acce le ra t ion  on experiment 
e f f ec t iveness .  

The 

I f  the use fu l  o r b i t  l i f e t i m e  (de- 
f ined  as the  t i m e  from perigee of the  
f i r s t  o r b i t  a f t e r  deployment t o  apogee 
of t h e  l a s t  complete o r b i t )  i s  g rea t e r  

Figure 13-5 EXAMPLE EXPERIMENT EFFECTIVENESS 

than 4 days, completion of the  e n t i r e  experiment i s  poss ib le  and E t  = 1.0. A 
mission of shorter  duration degrades the  e f f ec t iveness  of the experiment. 
Likewise, the values of the i n i o i a l  mean acce le ra t ion  (time average of drag 
acce lera t ion  over one o r b i t )  less than 10" g ' s  and g rea t e r  than g ' s  
and/or the values of  t he  change i n  mean acce le ra t ion  (d i f fe rence  between mean 
acce lera t ion  of the i n i t i a l  o r b i t  and the l a s t  complete o r b i t )  g rea t e r  than 

g ' s ,  r e s u l t  i n  a decrease i n  experiment e f f ec t iveness .  

ANALYSIS -EXPERIMENT SDT-4 

- !  
i 

52 



I .  
Orbi ta l  decay data were generated f o r  a series of o r b i t s  with perigee 

a l t i t u d e s  between 148 and 296 km and apogee/perigee a l t i t u d e  r a t i o s  between 
1.0 and 2 . 0 .  
were determined fo r  each o r b i t  from t h e  basic  effect iveness  re la t ionships  
and then mult ipl ied together t o  form a combined effect iveness  f ac to r  EF1. 
Factor EF1 a s  a function of perigee a l t i t u d e  and apogee/perigee a l t i t u d e  
r a t i o  and fac tor  EF2 as a function of i n i t i a l  i nc l ina t ion  t o  the terminator 
a r e  shown i n  Figure 13-5. These data were loaded i n t o  the  effect iveness  
segment of t he  Experimental Payload Charac te r i s t ics  Library. The fac tors  
EF1 and EF2 a r e  obtained from these tables  and mult ipl ied together t o  form 
the absolute experiment effectiveness.  

Based on these data  the  effect iveness  f ac to r s  E t ,  Ea ,  and E Aa 
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14.0 P R O G R A M  S E P T E R  

I M E T H O D O L O G Y  - M O D E  I 

I r 14.1 MODE I OPERATION 

Mode I ana lys is  cons i s t s  i n  the determination of the  physical and opera- 
t i o n a l  compat ibi l i ty  and the experiment/mission e f fec t iveness  of s ing le  experi- 
mental payloads i n  terms of a given vehicle/mission/primary payload combination. 
Compatibility c r i t e r i a  include only major items which a r e  considered s ign i f i can t  
within the scope of the  program philosophy. 
is computed a s  the percent of data acquis i t ion object ives  accomplished. Effec- 
t iveness  re la t ionships  a r e  determined external ly  i n  terms of the i n i t i a l  values 
of t he  o r b i t a l  elements i n  which the experimental payload i s  deployed. In Mode 
I output,  the  overa l l  GO/NO-GO compatibil i ty,  the degree of compat ibi l i ty  o r  
incompatibi l i ty ,  experiment effect iveness  data ,  and the  experimental payload 
l i b r a r y  data  fo r  input t o  Mode I1 of t h e  program a r e  defined. 

~ 

I 
I 

Experiment/mission effect iveness  

14.2 LIBRARIES 
I 

The def ini t ion-type input  data  for SEPTER are s tored  and provided t o  the 
program i n  the form of l i b r a r i e s .  These l i b r a r i e s  a r e  of two d i s t i n c t  types: 
Mission/Vehicle/Primary Payload Charac te r i s t ics ,  and (2) Experimental Payload 
Charac te r i s t ics .  As is  implied by the  t i t l e ,  the  Mission/Vehicle/Primary Pay- 
load Library contains:  (1) mission data: mission iden t i f i ca t ion  code, launch 
date  and t i m e ,  launch t r a j ec to ry ,  mission duration, and primary payload separa- 
t i o n  t i m e ,  and (2) vehicle/primary payload data:  vehicle  i den t i f i ca t ion ,  vehi- 
c le -  and zone-dependent environmental de f in i t i ons ,  excess payload capabi l i ty ,  

de f in i t i ons ,  mass l i m i t s ,  volumes, geometric standard shapes capac i t ies ,  and 
deployment modes. 

I 

I experimental payload loca t ion  (cavity) i den t i f i ca t ions ;  and cav i ty  environmental 

The Experimental Payload Charac te r i s t ics  Library contains de f in i t i on  data  
f o r  each experiment: i den t i f i ca t ion  code, a v a i l a b i l i t y ,  i n s t a l l a t i o n  t i m e ,  de- 
ployment modes and t i m e ,  deployment veloci ty  increments and angles ( i f  appli-  
cab le) ,  e n t - i r o r i ~ ~ t a l ,  cha rac t e r i s t i c s ,  standard shapes, dimensions and align- 
ment (with vehicle) ,  mass, volume, experimentimission effectiveness, r e l i a b i l i t y ,  
development t i m e ,  and cos t .  

14.3 PROBLEM INPUT AND CONTROLS 

The inputs f o r  the operation of Mode I cons i s t  of l i b r a r y  data and problem 
conrro i  data. Tke Hission!Vehicle/Primary Payload Charac te r i s t ics  Library data  
a r e  provided from a binary l i b r a r y  tape. The Experimental Payload Cherscteris-  
t i c s  Library data a r e  provided from card decks. Both types of l i b r a r i e s  a r e  
required t o  run a problem. Problem control  data (from card decks) a r e  used 
t o  select computational options and specify overr ides  f o r  the binary l i b r a r y  
tape input  data .  

I 

Problem options and overrides provide operation and program u t i l i z a t i o n  
v e r s a t i l i t y .  Problem options include the following: 

1. Computation of experiment/mission e f fec t iveness  and compatibil i ty f o r  
each experimental payload. Compatibility i s  computed with respect  t o  
each vehicle  cav i ty  a s  w e l l  a s  t o  the ove ra l l  vehicle.  
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2. Computation of experiment/mission e f fec t iveness  da ta  only 

3 .  Computation of experimental payload compat ib i l i ty  data  only 

4. Generation of a Mode I1 compatibi l i ty  l i b r a r y  card deck 

5. Exclusion of experimental payload c a v i t i e s  ( spec i fy  how many and 
which ones) 

Mission/Vehicle/Primary Payload Library da ta  overr ides  include the  
following: 

1. Launch date  

2. Launch t i m e  

3. Vehicle-primary payload separat ion t i m e  (allowing e j ec t ion  of experi-  
mental payloads) 

4. Primary mission durat ion 

5 .  Excess payload capab i l i t y .  

14.4 DEPLOYMENT 

The various data  acqu i s i t i on  objec t ives  of possible  experimental payloads 
requi re  a broad spectrum of  operat ing environments. 
payloads almost a l l  the da ta  can be acquired with the  payload remaining f ixed  
in s ide  t h e  launch vehicle .  Other payloads r equ i r e  separat ion from the  vehic le ,  
and s t i l l  other t y p e s  requi re  in j ec t ion  i n t o  o r b i t s  o the r  than t h a t  of t he  pr i -  
mary payload. 
represent  the  various deployment requirements: 

With some experimental 

The following s i x  deployment modes are included i n  SEPTER t o  

Mode 0 - Fixed. The experimental payload remains on the vehic le  (mission 
p r o f i l e ) ,  requi res  the  extension of only an antenna, and does no t  
require  exposure t o  a vacuum. 

Mode 1 - Fixed Exposed. The experimental payload remains on the  vehic le  
(mission p r o f i l e ) ,  requi res  t h e  extension of only an antenna, and 
requires  exposure to a vacuum. 

Mode 2 - Extension. The experimental payload remains on the vehic le  
(mission p ro f i l e )  and requi res  extension of  components o the r  than an 
antenna. 

Mode 3 - Separation. The experimental payload i s  separated from the 
vehicle.  The o r b i t a l  elements of t h e  separated payload a r e  assumed 
t o  be the same as those of the  vehic le  a t  t h e  t i m e  of deployment. 

Mode 4 - Propulsive Separation ( A V l .  The experimental payload i s  sep- 
a ra t ed  from the vehic le ,  and propulsion i s  required t o  i n j e c t  the  
payload i n t o  an o r b i t  d i f f e r e n t  from t h a t  of  t he  primary payload. 

Mode 5 - Recovery Capsule Separation. The experimental payload remains 
on the  vehicle ,  but separat ion of one o r  more recovery capsules  i s  

I required. 
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These s i x  deployment modes have been i l l u s t r a t e d  previously i n  Figure 9-3. 
coordinate systems used i n  the  deployment methodology are i l l u s t r a t e d  and de- 
f ined  i n  Figure 14-1. 

The 
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Figure 14-2 ORBITAL ELEMENTS LOGIC 

ness  divided by maximum ef fec t iveness) ,  
i s  a l s o  computed s ince ,  i n  general ,  the 

The methodology used i n  the  com- 
puter  program t o  ca l cu la t e  the  o r b i t a l  
elements and add i t iona l  mission para- 
meters of an experimental payload f o r  
any spec i f ied  deployment mode and de- 
ployment t i m e  i s  i l l u s t r a t e d  i n  Figure 
14-2. These da ta  a re  made ava i lab le  t o  
another subroutine (EFFECT) i n  the pro- 
gram t o  ca l cu la t e  experiment/mission 
e f fec t iveness .  

14.5 EXPERIMENT/MISSION 
EFFECTIVENESS 

The r e l a t ionsh ips  between experi- 
ment e f fec t iveness  f ac to r s  and the i n i -  
t i a l  o r b i t a l  elements and/or mission 
parameters a r e  es tab l i shed  during the  
ex terna l  experiment e f fec t iveness  anal- 
y s i s  discussed i n  Section 13.0. These 
e f fec t iveness  f ac to r s  a r e  loaded i n t o  
the  e f fec t iveness  segment of t h e  Experi- 
mental Payload Charac te r i s t i c s  Library 
i n  t a b l e s  of one- and/or two-dimensional 
a r rays .  Effect iveness  f ac to r s  a r e  ob- 
t a ined  from each t a b l e  by the  use of a 
t a b l e  "look up" procedure and a re  multi-  
p l i ed  together  t o  obtain the  absolute  
value of experiment e f fec t iveness  (per- 
cen t  accomplishment of da ta  acqu i s i t i on  
objec t ives) .  The percentage of effec-  
t iveness  r e l a t i v e  t o  the maximum poss- 
i b l e  e f fec t iveness  (abselutc effectfve- 
des ignated "normalized e f fec t iveness  , 
maximum ef fec t iveness  possible  f o r  a 

given experimental payload can be less than 100 percent. 

Table look-up procedures are provided f o r  the  th ree  types of  e f fec t iveness  
f a c t o r  r e i a t ionsh fps  shew? is Figure 14-3. They a r e  a s  follows: (1) e f fec t ive-  

as a s t e p  funct ion of two va r i ab le s ,  and (3) e f fec t iveness  f ac to r  as a funct ion 
of one va r i ab le .  
Lagrange in te rpola t ion .  

ness  f a c t o r  a s  a continuous function of two va r i ab le s ,  (2 j  efr'ec-'------- L I V e L l e a a  .-----.- F--+nr 

Options a r e  provided f o r  e i t h e r  l i n e a r  o r  fourth-order 

14.6 EXPERIMENTAL PAYLOAD - MISSION/VEHICLE COMPATIBILITY 

The computer methodology used t o  determine experimental payload compati- 
b i l i t y  with both the  primary payload mission and the  vehicle  is  based on two 
fundamental guidel ines:  
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Figure 14-3 COMPUTATION OF 
EXPER IMENTlMl SSloN EFFECTIVENESS 

1. The experimental payload must 
t o l e r a t e  a l l  mission and vehi- 
c l e  cons t ra in ts  and environ- 
ments. 

2. The experimental payload can- 
not s ign i f i can t ly  a f f e c t  the 
perfonnance of the  primary 
mission /vehicle.  

1 

The compatibil i ty c r i t e r i a  and the 
methodology used t o  determine compati- 
b i l i t y  a re  sunmarized i n  the following 
subsec t ions.  

14.6.1 Compatibil i ty C r i t e r i a  

experimental payload-miss 
c a l ,  and (2) operational.  
r ized  a s  follows: 

The c r i t e r i a  used t o  determine 
ion/vehicle compatibi l i ty  a re  c l a s s i f i e d  a s  (1) physi- 

The spec i f i c  c r i t e r i a  i n  each category a r e  sumna- 

PHYSICAL CRITERIA 

1. Environmental (thermal, acoust ic ,  v ibra t ion ,  and electromagnetic) 

2. Cavity mass attachment l i m i t  

3. Volume/geometry ( s i ze ,  shape, and or ien ta t ion)  . 
OPERATIONAL CRITERIA 

1. Experimental payload a v a i l a b i l i t y  ( a v a i l a b i l i t y  da te ,  launch date ,  
and i n s t a l l a t i o n  time) 

Experimental payload deployment (mode and time). 2. 

In order for  an experimental payload t o  be mission/vehicle compatible, 
it must s a t i s f y  the GO condition f o r  the  following l i s t e d  c r i t e r i a :  

1. Thermal 

2. Acoustic 

3. Vibration 

4. Mass attachment l i m i t  

5 .  Volume /geometry 

6. Deployment mode 

7. Deployment time. 
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The remaining c r i t e r i a ,  i .e . ,  experimental payload a v a i l a b i l i t y  and elec- 
tromagnetic interference (EMI), a r e  included t o  ind ica te  possible problem areas  
which should be investigated more thoroughly by ex terna l  analysis .  

The acoustic and v ibra t ion  c r i t e r i a  a re  t r ea t ed  uniquely i n  the computer 
program i n  t h a t  a NO-GO condition is i n i t i a l l y  corrected t o  a GO-condition by 
the computation of a mass penalty. I n  the  event t h a t  the computed mass pen- 
a l t i es  are obviously excessive,  the  NO-GO condition remains t o  a f f e c t  the  over- 
a l l  compat ibi l i ty  decision f o r  the  experimental payload. 

14.6.2 Experiment Avai lab i l i ty  Compatibility 

The experimental payload must obviously be ava i lab le  f o r  i n s t a l l a t i o n  i n  
the vehicle  pr ior  t o  the  launch date.  
allow f o r  the  t i m e  required for  i n s t a l l a t i o n  and/or checkout of the experimental 
payload. 
r e a l i s t i c  compatibil i ty check. Thus, i n  t he  compatibi l i ty  check, the experi- 
mental payload a v a i l a b i l i t y  data  plus the  required i n s t a l l a t i o n  t i m e  (days) must 
precede the  launch date.  

This simple check, however, does not 

An i n s t a l l a t i o n  t i m e  must also be spec i f ied  t o  provide f o r  a more 

The a v a i l a b i l i t y  datehaunch date compatibi l i ty  determination i n  the cone 
puter program i s  not  used t o  a f f e c t  the  overa l l  experimental payload - mission/ 
vehicle  compatibi l i ty  decision. If a GO condition is  calculated,  the  number of  
"buffer" days a re  given i n  the output. In case of a NO-GO ca lcu la t ion ,  a warn- 
ing statement i s  given i n  the output. 

14.6.3 Deployment Compatibility 

The deployment compatibi l i ty  of an experimental payload with a vehicle 
cav i ty  i s  a function of two c r i t e r i a :  (1) deployment mode, and (2) deployment 
t i m e  ( i f  applicable).  These a r e  operational compat ibi l i ty  c r i t e r i a .  The over- 
a l l  GO/NO-GO compatibi l i ty  determination i n  the computer program i s  af fec ted  by 
both of these c r i t e r i a .  

Each cavi ty  i s  assigned the  deployment mode(s) which it can accommodate. 
Likewise, each experimental pay- These modes a re  defined i n  subsection 14.4. 

load is  assigned i ts  required deplop=r;t  -de. 
s tored  i n  the computer program l i b r a r i e s .  
simply a check of t he  required mode with the  ava i lab le  mode fo r  the  cavi ty  from 
which t h e  experimental payload must be deployed. 

These assigned mode data a r e  
Deployment mode compatibil i ty is 

Deployment t i m e  compat ibi l i ty  is  dependent on the  assigned t i m e s  during 
which a cavi ty  i s  ava i lab le  f o r  t he  specif ied deployment mode and the assigned 
t i m e  a t  which an experimental payload m i s t  be dqlnyed i n  the mission. Only 
deployment modes which require  the separation o r  e j ec t ion  of an experimental 
payload from the vehicle  a r e  time-dependent. 

14.6.4 Environmental Compatibility 

Environmental compatibil i ty i s  based on c r i t e r i a  which a r e  e i t h e r  cavi ty  
dependent, vehicle-zone dependent, complete-vehicle dependent, and, i n  some 
cases ,  mission-phase dependent. The environmental c r i t e r i a  used i n  the com- 
puter  program are:  (1) thermal, (2) acoust ic /vibrat ion,  and (3) e lectro-  
magnetic . 
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Thermal environment compatibility is determined by comparing thermal param- 
eter values pertaining to a specific cavity or vehicle zone with the correspond- 
ing parameter values associated with a given experimental payload. 
parison will yield GO/NO-GO decisions. 
set of GO decisions for the thermal parameters that are selected as meaningful 
for a given cavity-experimental payload. 
are used for comparison in the program: 

This com- 
Thermal compatibility requires a full 

The three following thermal parameters 

The-Spcr Avenged 
Sink Tempdnturs 

-km.  
Tfrni" 5 1Cmm 

ltmx wCm. s 
8 -  sa_ 

1. Time-space averaged sink temperature 

Hat Dirrlptlon lob1 Short Period The acoustic/vibration environ- 
lbts Hwt Dlrrlptlon mental compatibility determination in 

the computer program does not yield a 
direct GO/NO-GO decision. Rather, the 
methodology determines whether a given 

? 
2 

:- 
i 
$ environmental noise level and vibra- 

I 

c experimental payload can survive the 

2. Heat dissipation rate 

3 .  Total short period heat dissipation. 

Items (2) and (3)  are optional. These parameters are defined for three mission 
phases: prelaunch, launch, and orbital. Compatibility checks are made only 
during the mission phases in which the experiment is aboard the vehicle. In 
certain situations the heat dissipation rate and the total short period heat 
dissipation thermal parameters are not mutually exclusive criteria. Therefore, 
the computer methodology provides an optional capability such that either one 
of the two parameters can be excluded from the compatibility checks. However, 
this optional capability does not preclude the use of both parameters in cases 
where they are both applicable. 
program to determine thermal compatibility is illustrated in Figure 14-4. 

The overall methodology used in the computer 
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Figure 14-5 ACOUSTICS AND VIBRATION ENVIRONMENT COMPATIBILITY 

methodology i s  i l l u s t r a t e d  by the data and equations given i n  the lower half  of 
Figure 14-5. 
t ions :  

The compatibi l i ty  methodology i s  based on the following assump- 

1. I f  an experimental payload can survive the  launch phase of a mission, 
it can survive a l l  other  phases. 

L .  The experimental payload does not operate during the launch phase. 

3 .  Acoustical and vibrat ion tolerance def ic ienc ies  can be corrected by 
the  addi t ion of mass t o  the experimental payload. 

4. The mass required t o  correct  a deficiency i s  proportional t o  the  pay- 
load densi ty ,  the  percent deficiency, and the mass of suscept ible  cow 
p u r r c r r r ~ .  - - - r - . te  

5. The correct ion of an acoustic tolerance deficiency does not co r rec t  a 
v ibra t ion  tolerance deficiency and v ice  versa because the range of 
frequencies associated w i t h  each a re  d i f f e ren t .  

Electromagnetic compatibi l i ty  can be defined a s  the  a b i l i t y  of each piece 
of e l e c t r i c a l / e l e c t r o n i c s  equipment i n  an integrated system t o  perform i t s  de- 
s ign  funct ion without i n t e r f e r ing  with the performance of the design function 
of any o ther  piece of e l ec t r i ca l / e l ec t ron ic  equipment i n  the  system. 
computer methodology, the Saturn vehicle/primary payload experimental payload 
is regarded a s  the system. The basic parameters which define electromagnetic 
compat ib i l i ty  are:  (1) the l e v e l  and bandwidth of t he  s ignal  which the  equipment 

I n  the  
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i s  capable of emit t ing,  ( 2 )  the  l e v e l  and bandwidth of t he  s igna l  t o  which the  
equipment i s  capable of responding, (3) "coincident time in t e rva l "  o r  the simul- 
taneous operation of equipments whose parameters, i t e m s  (1) and ( 2 ) ,  overlap,  
and ( 4 )  the  amount of i s o l a t i o n  ( in su la t ion  o r  separation) between i n t e r f e r i n g  
equipment. In order  t o  determine electromagnetic compat ib i l i ty  f o r  a d e f i n i t e  
GO/NO-GO decision, the  given parameters would have t o  be accura te ly  defined. 
Because the  determination of the  "coincident t i m e  i n t e rva l "  ( requir ing payload 
operat ions scheduling) and the amount of i s o l a t i o n  between equipments (a  func- 
t i o n  of numerous undefined var iab les )  i s  beyond the  scope of t he  present com- 
puter program, the "exact" methodology was replaced by a more s impl i f ied  
approach. However, because of the  simplifying assumptions made, the  compati- 
b i l i t y  checks are not  s u f f i c i e n t l y  accurate  o r  complete t o  j u s t i f y  a d e f i n i t e  
GO/NO-GO decision. 
warning-type statements f o r  indicated incompat ib i l i t i es .  Frequency ranges a r e  
given where incompat ib i l i t i es  may e x i s t .  
loca t ing  possible problem areas which can only be thoroughly analyzed ex terna l  
t o  the  computer program. The simplifying assumptions made i n  the  computer 
methodology are a s  follows: 

Therefore, the  output of the  computer program only gives 

This type of output i s  he lpfu l  i n  

1. * A l l  electromagnetic equipments operate  simultaneously. (The present 
computer program does not include operat ions scheduling.) 

2 .  No i so la t ion  e x i s t s  between equipments aboard the  vehic le .  

3. An i n f i n i t e  amount of i s o l a t i o n  e x i s t s  between vehic le  equipment and 
an e jec ted  experimental payload equipment. 

The computer methodology used t o  check electromagnetic compat ib i l i ty  f o r  
both narrowband and broadband s igna l s  i s  i l l u s t r a t e d  i n  Figure 1 4 - 6 .  Note t h a t  
the amount of "overlap," i .e.,  s igna l  l e v e l  g r e a t e r  than s e n s i t i v i t y ,  i s  the  
amount of in te r fe rence  within a given frequency bandwidth and t h a t  i n  o rder  
f o r  compat ibi l i ty  t o  e x i s t  i s o l a t i o n  equivalent  t o  the  overlap must be provided. 

1 4 . 6 . 5  Mass Attachment Compatibi l i ty  

The determination of the  mass compat ib i l i ty  of an experimental payload 
with the c a v i t y  i n  which it i s  placed i s  based on the  m a s s  attachment l i m i t  of  
the  cavi ty .  This l i m i t  i s  usua l ly  determined from s t r u c t u r a l  analyses.  The 
t o t a l  mass of experimental payload includes any penalty masses which may have 
been computed and added f o r  t he  co r rec t ion  of acous t i c /v ib ra t ion  tolerance 
de f i c  ienc ies . 

The experimental payload-cavity mass attachment compat ib i l i ty  methodology 
i n  the  computer program y ie lds  a GO/NO-GO dec is ion  f o r  each cav i ty .  However, 
the  methodology which determines the compat ib i l i ty  of an experimental payload 
mass with the excess payload c a p a b i l i t y  of t h e  vehicle/primary payload does 
not  a f f e c t  the overa l l  GO/NO-GO decis ion.  I n  the  event t h a t  a s ing le  experi- 
mental payload mass exceeds the  t o t a l  excess payload c a p a b i l i t y ,  a warning-type 
statement ind ica t ing  the  overload i s  given i n  t h e  output .  
o ther  compatibi l i ty  c r i t e r i a  are analyzed i n  Mode I,  and the  f i n a l  accumulative 
mult iple  payload mass compat ib i l i ty  i s  determined i n  Mode 11. 

I n  t h i s  manner, a l l  
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Figure 14-6 ELECTROMAGNETIC ENVIRONMENT COMPATIB ILlTY 

14.6.6 Volume/Geometry Compatibil i ty 

The volume/geometry physical compat ibi l i ty  ana lys i s  cons i s t s  i n  the de- 
termination of whether a given experimental payload can be contained within a 
given payload cavi ty .  The formulation of a general  "exact" methodology f o r  t he  
computer program would requi re  an extremely complex computer program logic  and 
i n  many cases  prohib i t ive  data storage c a p a b i l i t i e s .  Therefore, a less general  
methodology, i . e . ,  one r e s t r i c t e d  t o  standard shape representa t ion  fo r  experi- 
mental payloads, i s  used. Tne  actual  s izes  m d  shapes of the  c a v i t i e s  a r e  not 
represented i n  the program; ins tead ,  t h e i r  capac i t i e s  f o r  several  geometricai 
s o l i d s  are s tored  i n  tabular  form i n  the  Mission/Vehicle/Primary Payload Char- 
a c t e r i s t i c s  Library.  The experimental payloads a r e  represented as e i t h e r  f ixed 
i n  shape o r  amorphous. The f ixed geometry representat ions a r e  r e s t r i c t e d  t o  
one of t h e  standard shapes fo r  which the  cav i ty  capac i t i e s  have been analyzed, 
i . e . ,  sphere,  r i g h t  c i r c u l a r  cyl inder ,  o r  rectangular  paral le lepiped.  An amor- 
phous geometry payload i s  t r ea t ed  as a f l i i i d  VO~IIIW containing an undis tor tab le  
component which i s  given a fixed geometry representat ion (standard shape envei- 
ope). The t o t a l  volume of an amorphous geometry payload i s  composed of the sum 
of the  volumes of the  components mult ipl ied by a "packaging" f ac to r .  These two 
concepts allow f o r  the representat ion of experimental payloads which a r e  (1) i n  
the  "off-the-shelf" o r  f i n a l  design s tages ,  and (2) those i n  the  conceptual 
design s tage and amenable t o  some rearranging of the  components of the  en t i re  
payload package. 

The vehicle  c a v i t i e s  a r e  divided i n t o  two ca t egor i e s ,  r e c t i l i n e a r  o r  
tapered ,  according t o  the  form of t h e i r  capac i t i e s  data .  
methods ava i lab le  f o r  represent ing the r e c t i l i n e a r  capac i t i e s  i n  a computer 

There a re  very simple 
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program, However, these methods a re  not applicable t o  the tapered cavi ty  capac- I '  

i t i e s .  A single  technique, which is  reasonably simple and near ly  exact ,  was 
u t i l i z e d  fo r  representing both types of cav i t i e s .  
e f f i c i e n t ,  and accurate.  

The method i s  general ,  

14.6.6.1 Sphere and Cylinder Capacities 

Since some experimental payloads may require  a specif ied or ien ta t ion  i n  
the vehicle ,  an orthogonal coordinate system is used i n  each cavi ty .  In  t h i s  
system, the v e r t i c a l  ax i s  i s  p a r a l l e l  t o  the  vehicle  longi tudinal  ax i s ,  the 
r ad ia l  ax i s  emanates from the  center  of the vehicle  and passes through the 
cavi ty ,  and the l a t e r a l  ax i s  is  perpendicular t o  the  other  two axes. The geo- 
metric capac i t ies  compatibi l i ty  methodology is  used t o  determine whether a 
sphere of given diameter o r  a cylinder of given diameter and length with i t s  
axes p a r a l l e l  t o  the v e r t i c a l ,  r a d i a l ,  o r  l a t e r a l  axes can be contained i n  a 
spec i f  ied cavity.  

A tapered and a r e c t i l i n e a r  cavi ty  and t h e i r  sphere and cylinder capac i t ies  
There i s  only one maximum diameter sphere which can a re  shown i n  Figure 14-7. 
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Figure 14-7 GEOMETRIC CAPACITIES COMPATIBILITY - SPHERE AND CYLINDER 

be contained i n  any cavi ty ,  and there  i s  obviously no need t o  specify an orien- 
t a t ion .  
c a l  experimental payload cons i s t s  i n  a n a l y t i c a l l y  checking whether the diameter 
of the payload i s  less than o r  equal t o  the maximum diameter of the  sphere which 
the cavi ty  w i l l  contain. 

The methodology t o  determine the  geometric compatibi l i ty  of a spheri- 

The cylinder capacity curves shown fo r  a spec i f i ed  cav i ty  i n  Figure 14-7 
represent the maximum diameters of cyl inders  of given length and o r i en ta t ion  

64 



I 

I 

Figure 14-8 GEOMETRIC CAPACITY COMPATIBILITY - RECTANGULAR PARALLELEPIPED 

which can be contained i n  the cavi ty .  
tapered c a v i t i e s  i s  now evident.  The r e c t i l i n e a r  cavi ty  cylinder capaci ty  
curves cons i s t  of constant diameter s teps ,  and the cGrves can be replaced by 
f ive  d i s t i n c t  cyl inders  a t  l e a s t  one of which w i l l  contain any cyl inder  t h a t  
can be contained i n  the  cavi ty .  The tapered cav i ty  cyl inder  capacity curves 
cons i s t  o f  sloped and curved l i n e s  which represent the  simplest form i n  which 
the  cyl inder  capac i t ies  fo r  tapered cav i t i e s  may be represented. 

A difference between r e c t i l i n e a r  and L 

I 

The methodology used t o  determine the geometric capac i t ies  compacibiiity 
of a cy l ind r i ca l  payload cons is t s  i n  the  ana ly t i ca l  interpolation,from these 
curves,  of the maximum possible diameter corresponding t o  the length of the 
payload. The payload diameter must be less o r  equal t o  the  maximum possible 
diameter f o r  compatibil i ty.  
polat ion i s  required,  but i f  no or ien ta t ion  is specif ied,  a s  many a s  three  
in te rpola t ions  may be required tco 6eterdne whether a f i t  i s  possible.  

1 

I f  the or ien ta t ion  is  spec i f ied ,  only one in te r -  
f 

14.6.6.2 Rectangular Parallelepiped Capacities 1 
Because th ree  dimensions a re  required t o  specify the s i z e  of a rectangular 

paral le lepiped,  the capac i t ies  f o r  t h i s  standard shape payload a r e  represented 
by surfaces .  The rectangular  parallelepiped capaci ty  surfaces fo r  the c a v i t i e s  
given i n  Figure 14-7 a r e  i l l u s t r a t e d  i n  Figure 14-8. These surfaces represent 
the  maximum possible  v e r t i c a l  dimension f o r  each p a i r  of l a t e r a l  and r a d i a l  
dimensions which can be contained i n  the  cavi ty .  They a re  shown i n  Figure 14-8 
i n  both contour and isometric form for  c l a r i t y .  
face corresponds t o  a rectangular parallelepiped and d i f f e ren t  or ien ta t ions  a re  
given merely by the dimensions of the paral le lepiped taken i n  d i f f e ren t  orders,  
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Figure 14-9 GEOMETRIC CAPACITY COMPATIBILITY - RECTANGULAR PARALLELEPI PED METHODOLOGY 

a l l  or ien ta t ions  ( p a r a l l e l  t o  the  L-R-V axes) a r e  included on a s ing le  sur face ,  
which i s  general ly  discontinuous i n  the  case of each cavi ty .  

It i s  again noted i n  Figure 14-8 t h a t  t he re  is a d i s t i n c t  d i f fe rence  be- 
tween the forms of the r e c t i l i n e a r  and tapered capac i t i e s .  The rectangular  
para l le lep iped  capaci ty  surfaces  f o r  r e c t i l i n e a r  c a v i t i e s  are composed of 
planar horizontal  rectangles  (example c a v i t y  5-4). These may be represented i n  
a simpler manner. The surface i n  Figure 14-8 may be replaced by the  dimensions 
f o r  t h ree  rectangular para l le lep ipeds ,  a t  least  one of which w i l l  contain any 
rectangular  paral le lepiped which can be contained i n  the  cavi ty .  The rectan- 
gu lar  paral le lepiped capac i ty  surfaces  f o r  tapered c a v i t i e s  (example c a v i t y  4-4) 
a r e  composed of incl ined planes and curved sur faces  of i r r e g u l a r  shape. They 
cannot be s implif ied fu r the r .  

It is i n t e re s t ing  t o  note  t h a t  t he  rec tangular  para l le lep iped  capac i ty  
surface (shown i n  isometr ic  form i n  Figure 14-8) i s  the  o r i g i n a l  c a v i t y  dis-  
t o r t e d  - beyond recognition i n  some cases - i n  such a way t h a t  i t s  shape i s  
s impl i f ied ,  i t s  volume decreased, but i t s  capac i ty  f o r  rec tangular  para l le le -  
pipeds maintained exact ly .  

The methodology used i n  the computer program t o  determine rectangular  
paral le lepiped compatibi l i ty  i s  i l l u s t r a t e d  i n  Figure 14-9. The s i x  possible  
o r i en ta t ions  of a given paral le lepiped within a cav i ty  i n  which i t s  s ides  a r e  
p a r a l l e l  t o  the axes of the cav i ty  a re  shown. The example given i s  a rectan- 
gu lar  paral le lepiped measuring 20 by 30 by 40 inches.  I f  t he  o r i en ta t ion  of 
a rectangular  paral le lepiped payload i s  not c r i t i c a l ,  each of the  Six orien- 
t a t i o n s  i s  t r i e d  u n t i l  one i s  found which w i l l  allow the  payload t o  be contained 
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within the cavi ty .  In  some cases,  there may be a required alignment for  only 
one ax i s  of the payload, e.g., a camera pointing outboard. There a re  nine 
possible  alignments of t h i s  type, each corresponding t o  a d i s t i n c t  p a i r  of 
or ien ta t ions .  The o r i en ta t ion  pa i r s  given i n  the  following t ab le  apply t o  the  

TABLE OF ORIENTATION PAIRS 

PAYLOAD AXES 

20" 30" 40" 

L 1, 2 3, 4 5 ,  6 

V 4,  6 2, 5 1, 3 

example given i n  Figure 14-9. 
t r i e d  i n  order t o  determine compatibi l i ty .  
spec i f ied ,  there  i s  only one possible  o r i en ta t ion  t o  be checked for  compati- 
b i l i t y .  

In  t h i s  case,  only two or i en ta t ions  must be 
When the  alignment of two axes i s  

Once an o r i en ta t ion  i s  selected,  whether the o r i en ta t ion  can be contained 
i n  a given cavi ty  i s  determined i n  the following manner. 
para l le lep iped  capac i ty  surface i s  divided in to  plane quadrangles. 
not  mean t h a t  the cav i ty  i s  being approximated a s  having planar faces,  because 
the rectangular  paral le lepiped capacity surfaces  a r e  very near ly  planar even 
f o r  c a v i t i e s  possessing extreme curvature i n  t h e i r  faces .  These plane quad- 
rangles  a re  then projected onto the L-R plane. 
o rd ina tes  of the ve r t i ce s  of the quadrangles i s  appl ied i n  the computer program 
t o  the  L and R dimensions of the payload i n  order  t o  determine which of the 
quadrangles i n  the L-R plane contains the point represented by these dimensions. 
This operat ion ind ica t e s  which plane must be in te rpola ted  on t o  determine the 
maximum possible  v e r t i c a l  dimensions corresponding t o  those l a t e r a l  and r a d i a l  
dimensions. When t h i s  dimension is found, a comparison i s  made with the ac tua l  
v e r t i c a l  dimension of t he  experimental payload. It must be l e s s  than o r  equal 
LO ths zisxi~m pnaaible v e r t i c a l  dimension t o  be contained i n  the cavi ty .  I f  
t he  payload cannot be contained and another Orientat ion is poseihle, the pro- 
cedure i s  repeated with the next or ien ta t ion .  

The rectangular  
This does 

An equation involving the co- 

L-  

14.7 MODE I OUTPUT 

The output of Mode I is  i n  the form of p r in t ed  r e s u l t s  and, i f  spec i f ied ,  
a C D ~ ~ ~ L L U A ~ ~ ~ ~  -aL*l 4 +-- 1 4 h - m Y y  deck containing the required input  f o r  operation of 
Mode 11. 

Unless problem options specify otherwise, the  pr in ted  output for  each i t e m  
c o n s i s t s  of the following pages (examples given i n  the f igures  indicated):  

1. Problem con t ro l  input data (binary l i b r a r y  tape over- 
r i des  and problem options) (Figure 14-10) 

2. Experimental payload descr ipt ion (operat ional  and physical) 
input data  (Figure 14-11) 
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3. 

4. 

5. 

6. 

7 .  

Experiment/mission effectiveness array( s) input data (Figure 14-12) 

Experiment/mission effectiveness data (orbital elements, mission 
parameters, and experiment effectiveness) (Figure 14- 13) 

Experimental payload/vehicle compatibility data (GO/NO-GO or, in some 
cases, warning-type statements for each vehicle-dependent criterion) 
(Figure 14- 14) 

Experimental payload/cavity compatibility data (GO/NO-GO for each 
cavity-dependent criterion and the final GO/NO-GO decision) (Figures 
14-15 and 14-16). One page of output is given for each experimental 
payload-cavity combination. 

Experimental payload summary data (compatibility and effectiveness) 
(Figure 14-17) - 

C R D O R A I  S C C T C R  

S A T U R N  C I C E R I I E N T A L  C A Y L D A D  

~ C C H W I C L L  ~ V A L U A T I O ~  AID ( L A T I N O  

CLlWl SA-201 

t R D I  LIBRARY TIC€ DOIl9TADOI 

OVERRIDDEN ~ t s s I m / v w I c L e  DATA 

NEW LAUNCH D A T t  91.0 MAR 1961 
NEW SOLAR D E C L I N A T I O N  4.2 D t G  
NEW LAUNCH I l N E  1000 EST 
NEW IWCLIWLTlON IO T E R N I N A T O I  152.0 DEG 
NEM C R I N U V  ?AYLOAO SECARAIIDN I l l €  5300. SEC 
NEW CRINARY M I S S I O N  DURATION 1.0 OLYS 
NEW ENCESS CAVLDAD C A ? A O l L l l V  1000. LB 

FOR EACM € I C f R I N t N l A L  ?IVLDAD-- 
N l S S l O N / E t l E C 1 I V E N E S S  WILL OE O E T € R N I N € D  

N I S S l O N / V t M l C L E  C O I C A i I ~ I L l f V  WILL 0 t . M T E R N I N E D  

_____ 

Figure 14-10 SE PTER - MODE I: 
TITLE AND PROBLEM CONTROL DATA 

Figure 14-11 SE PTER - MODE I: 
IN-FLIGHT EXPERIMENTAL PAYLOAD DESCRIPTION DATA 

I N F L I G H T  EXPERIMENTAL PAYLOAD D E S C R I P T I O N  
EXPERIMENT MS- 3 

A V A I L A B L E  1.0 JAN 1967 l N S T A L L A T l O N  T I M E  5.0  DAYS 

DEPLOYMENT NOD€ 1 

ELECTROMAGNETIC D A T A  
8 A h D  LOW FREP I M C I  

1 1.00 
2 230.00 
3 24n.00 
4 25O.CO 
5 260.00  

I 1.00 
2 240.00 
3 2 5 0 . ~ 0  
4 75U.00 

S E N S I  I I V I T Y  

S I G N A L S  

HIGH F R F P  I N C I  

230.00 
240.00 
750.00 
260.00 

10c00.00 

240.00 
250.00 
750.00 

10000.00 

L t V E L  IOOII 

-10.0 
-30.0 
-90.0 
-30.0 
-10.0 

-40.0 
40.0 

-20.0 
-40.0 

ACOUSI I C s  DATA 
N D l S F  I O L E R A N C E  15C.0 DB S U S C E P T I B L E  COMPONENIS MASS 6 3 . 3  LO 
CORRECTIVE M A S S  P E N A L T I E S  M A Y  BE CDMPUIFO. 

V I B R A I I O N S  DATA 
CORNER FWEOUENCIES 10.0. 75.0 C P S  TOLEWANCE L E V E L S  0 . 4 .  10.0 G 
S U S C E P T I R L F  COMPONENTS MASS 61.3 L B  
CORRECTIVE M A S S  P E N A L T I E S  MAV B t  COMPUTED. 

THERMAL DATA PAD LAUNCH D R R I I  
LOW TFMPFRATURE TOLERANCE I O E G - F l  11.0 0. -50.0 
H I G H  TEMDEWATURF T O L E l A h C F  I O E G - F I  75.0 Z M . 0  65.0 
HEAT I l I S S I P A I I D N  R A T C  I B T U f H R I  27.3 27.3 232.0 
TOTAL H E A T  D I S S I P A T I O N  1 0 1 U l  

P A Y L l l A D  MASS 154.3 LB. VOLUME 3750. CU.1N.i SHAPE 
TYPE 

REC.  PAR. 
AMORPHOUS 

D I M E N S I O N S  I I N I  L E N G I H  3.0 WIDTH lo.@ H E I G H T  14.0 
ALIGNMENT NONE NONE NONE 

OEVELOPMFNI T I M E  9.0 M0. COST 1 545300 . r  R E L I A B I L I T Y  0.9600 
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M l S S l O N  EFFECTIVENESS ARRAY 
EXPERIMENI  MS- 3 

M A X I M U M  P O S S I B L E  EFFECTIVENESS 100.0 PERCENT 

K E Y  l 4 B L E  O R I G I N  S I Z E  ELEMENTS INTERP 
NO. I X v Y l  I X I X I Y I  1 x 1  I Y I  O P T I O N  

1 5. 1 7X 4 10 I 1  2 

1 2 3 k 5 6 7  8 

1.60+00 5 .20 -01  8.30-01 n.90-01 9.10-01 9.20-01 9 .27 -01  9.30-01 

i . o o + o c  3.00-02 3.10-01 5.80-01 9.30-01 9 .75 -01  9.90-01 i.oo+oo 

2.00100 7.10-01 8-64-01 8.80-01 8.90-01 8 .93 -01  8.97-01 9.00-01 

1 .20100  2.k0-01 5.30-01 11.40-01 9.50-01 9 .68 -01  9 .80 -01  9.90-01 

0. 1.48*02 1 .67+02  1.85+02 2.22+02 2.59+02 2.96+02 3.33+02 . . . . . . . 
6 0.  0. 0. 0. 0 .  0 .  0.  0. 
1 0. 0 .  c. 0. 0 .  0.  0 .  0. 
8 0 .  0 .  0. 0 .  0. 0. 0 .  0 .  
9 0 .  0 .  0 .  0. 0. 0.  c .  0. 

I 1  0 .  0. 0 .  0. 0. 0. 0 .  0. 
I 2  0 .  0 .  0. 0. 0 .  0. 0 .  0. 
1 3  0. 0. 0. 0. 0 .  c. n. 0. 

1 5 0 .  n. 0 .  0. 0. 0 .  c. 0 .  

1 7 0 .  0 .  0 .  0 .  0 .  0 .  0. 0. 
18 0. 0. 0 .  0. 0 .  0. 0. 0 .  
I 9  0 .  0 .  0. 0 .  0. 0 .  0. 0. 
20 t. 0 .  0 .  0. 0 .  0. 0. 0. 

22 0.  0 . 0 . 0 . 0 . 0 . 0 . 0 .  

2k 0.  0 . 0 . 0 . 0 . 0 . 0 . 0 .  
25 0. 0 . 0 . 0 . 0 . 0 . 0 . 0 .  

10 0 .  G. 0. 0 .  0.  0. 0. 0 .  

l k  0. 0. 0. 0. 0 .  0. 0 .  0. 

16 0 .  0 .  0 .  0 .  0. 0. 0 .  0 .  

21 0 4  0. 0. t. 0. 0 .  0 .  0. 

23 0.  0 .  0 .  0 .  0. 0. 0 .  0. 

Figure 14-12 SE PTER - MODE I: 
MISSION EFFECTIVENESS ARRAY DATA 

F X P E R I M E Y l A L  PAYLOAO/VEHICLE C O M P A T I I I L I T Y  

E I P E P I N E N T  MS- 3 
VEWICLE SA-207  

A V A l L A R l L l T V  DATEILAUNCH DATE RUFFER * 160. D A Y S  

ELECTROl lAGNET lC  INTEYFERENCt  

P O S S I B L E  E X P E S I M F N T - V F H I C L E  INTERFERFNCE ON FOLLOYING 
B A N D d I O T H S  

m !n.rn MC 

10.00 MC 
w.00 MC 

. - . - . .. 
230.00 TU 3L 

2050.00 TO 230 

P O S S I R L F  V t H I C L E - E X P F R I M E N T  INTERFERENCE ON FOLLOUING 

10.00 TO 10.50 MC 
275 .00  i n  295.00 MC 

ZZPO.~? i n  23oc.00 *c 

n A N n u i o r n s  

A C O U S T I C S  DATA 
A C l V l R  L O W  1 NASS PENALTY REQUlREO = 0.9 
A C l V l E  ZONE 2 M I S S  P E N A L l Y  REQUIRED * 0.9 

V l U R A T l 0 N S  DATA 
A C l V I R  ZONF 1 MASS P E N A L l Y  REQUlRFO - 5.5 
A C l V l R  ZONE 2 NASS P E N A L l Y  R E Q U I R E D  - 9.2 

Figure 14-14 SE PTER - MODE I: 
EXPERIMENTAL PAYLOADlMHlCLE COMPATIB ILlM 
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EKPERINENTAL PAYLOADIMISSION E F F E C l l V E M E S S  
E X P E R I I E N l  I S -  3 

OEROYMENI  PARAMElERS 

MODE T IME I W E l A  P W I  
I S E C I  IOEGI ( D E 6 1  

0 -0. 604.71 -0. 

M I S S I O N  PARAMETERS A N 0  OR8lTAL ELEMENIS  

SEMIMAJOR A X I S  
E C C E N T R I C I T Y  
I N C L I I A T I O N  
ARGUMENl OF PERIGEE 
1RW ANOMALY 
T I M E  OF P E I l G E E  PASS. 
PERIGEE L A T I T U D E  
CERlOO 
APOGEE A L l l l U O E  ** PERIGEE U T l l U D E  ** A U X E E I P E R I G E P  ALl .  
L O N .  OC WOOAL PASS. 
1 I M E  OF NOOAL PASSAGE 
I N U I M A l l O N  10 TERM. 
WLAR OECL INAT I O N  
L A W C H  M o N l M  

JULIAN DATE 
M I S S I O N  WRATION 
L A W H  1IME 

LIUNCH YEAR 

A5b4.05 
0.8016 

30.00 
80.78 
2.01 

m 5263 .3b  
29.ST 

9 5292 .57  
215 .9s  
155 .81  

I .39 
200.38 

4083.44 
140.59 
23.31 

b 
1 9 b 7  

I 2439b56 .5  
14.00 
9-00 

DELTA v 
I K M I S E C I  

-0. 

111 

OEG 
OEG 
OEG 
SEC 
OEG 
S€C 
I N  
KM 

D E 6  
SEC 
M C  
OEG 

- 

- 
- 

DAYS 
M 

E F F € C l I V E N E S S  PARU(EVERS 

E C F E C l I V E N E S S  FACTORS 

0.S25 

E X C E R I I E N T  E F F E C l l V E N E S S  I P C l l  

A8UKUlE MAKIMUM YOIIULIZED 
E EMAK EIEMAX 

52.5 100.0 92.9 

Figure 14-13 SE PTER -MODE I: 
EX PER I MENTAL PAYLOADlM I SS ION EFFECTIVENESS, 

MISSION PARAMETERS AND ORBITAL ELEMENTS 

E X P E R l M E N l A L  P A Y L O A D / C A V l l Y  C O M P I T I B I L I T Y  

EXPERIMENT MS- 3  
C A V I T Y  I -  1 

DFPLOY*FNT C O M P A T I B I L I T Y  

MODE 

ENVlRf lNNENTAL C O M P 4 T I I ) I L I l Y  

THERMAL 
P A 0  
LAUNCH 
m n l r  

A C O U S l l C  CORRECTIVE M I S S  PENALlY OF 0.9 IDDEO 

V l 8 R I T l O N  CORRECTIVF M I S S  PFNALTY W S.5 AOOEO 

OVERALL D E C I S I O N  
t 

MASS COMPITIRILITY 

STRUCTURAL L I M I T  = 1009.0 T O l A L  EXP.MASS- 160.0 

bE0Wiiiii :OYr*?!.!L!rv 

AVAIL.VnL.=163966.  REP.VOL.- 3 7 5 0 .  PC1.USED- 2. 

STANDARD S H A P E - - R E C l A N C U A R  P I R A L L E L E P I P E O  
L- 3.0 R- 10.0 V- 11.0 
L- 3.0 R- 14.0 V- 10.0 

L- 1C.O 11- 14.0 V-  3.0 
L- lk.O R- 3.0 V*  10.0 
L= 1k.0 R. 10.0 V- 3.0 

L= 10.0 R= 3.0 v- 14.0 

OVERALL OEC I S I O N  

..I.*..* 

**a**.*. 
F I N A L  GO O F C I S I O N  

GO I 

GO 
Go 
GO 

Go 

Go 

GO 

GO 

Go 

GO 
GO 
GO 

Go 
GO 

Gn 

GO 

Figure 14-15 SE PTER - MODE I: 
EXPER I MENTAL PAYLOADlCAV I M COMPATI B I L I TY 



EXPERIMENTAL PAYLOAOICAVI T I  COMPAlI B I L  1 T Y  

EXPERIMENT M I -  1 
CAVITY 3- 6 

OEPLOVNENT COUP A1 I I 1 L  I T V  

none G O .  
T I M E  GO 

ENVIRONMENTAL COMPATIOIL I T V  

THERMAL 
PA0 GO 
LAUNCH GO 

ACOUSTIC CORRFCllVE MASS P€NALlV OF S.8 AOOEO GO 

VIBRATION CORRECIIVL MASS PENALTY OF 3S.0 AOOEO GO 

OVERALL Cl€CISION GO 

M A S S  C O M P A l I B l L l T I  

STRUCTURAL L I M I T  - 1000.0 101AL EXP.MASS. 1122.5 NOGO 

GFOMElI I C  COMPAT I B I L  I11 

AVAIL.VOL..I71039. REO.VOL.= 01200. PCT.USE0- 41.5 GO 

STANOARO SHAPE--RECTANGULAR PARALLELFPIPEO 
L. 44.0 R- 22.0  V- 31.0 
L- 4k.0 I- 31.0 V- 22.0 
L -  22.U 11.1 44.C V- 31.0 
L- 22.0 R =  31.0 V. 44.0 
L. 31.0 11- 44.0 V- 22.0 
L- 31.0 R- 22.0  V. 46.0 

GO 
NOGO 
NOGO 
NOGO 
NOGO 

GO 

OVERALL OEClSlON GO 8 

8.. L.... ........ FINAL NOGO OEClSlON 

Figure 14-16 SE PTER - MODE I: 
EXPERIMENTAL PAYLOADlCAVITY COMPATIBILITY 

EXPFRIMENTAL P A V L O A ~ f M I S S l ~ N l V E H l C L E  C O l l P A T l B l L l ~ ~  SUMMAR* 
EXPERIMENT MS- 3 I F L I G H l  SA-201 

*OP*ALIZED vlSSIOI1 EFFFCTIVENESS 52.5 PERCENT 4VAlLABIL ITV GO 
POSSIBLE EM1 VPS 

CAVlrV 

I -  1 
1- 2 
I -  3 
2- I 
2- 2 
2- 3 
2- 4 
2- 5 
2- 6 
2- 7 
3- 1 
3- 2 
3- 3 
3-  4 
3- 5 
3- 6 
3- 1 
3- I 
4- 1 
4- 2 
4- 3 
4- 4 
s- 1 
5- 2 
5- 3 
5- 4 
5- 5 
5- 6 
5- 7 
5- 8 
6- 1 
6- 2 
6- 3 
6- 4 
6- 5 
I- 1 
1- 2 
7- 3 
7- 4 
7- 5 

O W L  
MODE 

GO 

GO 
GO 

Gn 

G n  
Gn 
GO 
GO 
GO 
GO 
GO 
GO 

GO 
GO 
GO 

Gn 

Gn 
cn 
GO 
GO 
GO 
GO 
GO 
GO 

GO 
GO 
GO 
GO 
GO 

GO 
GO 
GO 
GO 
GO 
GO 
GO 

GO 

cn 

Gn 

Gn 

EXPFRIMENllCAVIlV C O M P A l I B I L I l V  
OEPL i n m M A L  ACOUS VIE MASS v a m  
TIME 

NIA 
N I A  
L ( I A  
N f  A 
N I  A 
N I A  
N I A  
N/A 
N/A 
N f  A 
N I A  
N I  A 
N f  L 
M I A  
N I A  
N I A  
N I A  
N f  A 
N/A 
N I A  
N14 
N f  A 
N f  A 
N f  A 
N f  A 
N I A  
N I A  
Y f  A 
N14 
N f  A 
N l A  
N f  A 
N I A  
N I A  
N I A  
N I I  
N I A  
N I A  
N I A  
N f  A 

GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 

GO 
GO 
u1 
GO 
GO 
GO 
GO 
GO 
GO 

NO GO 
N O W  
N O W  
NOGO 
N O W  
NOGO 
N O W  
NOGO 
N O W  
N O W  
NOGO 
NO GO 
N O W  
MOGO 
NOGO 
NOGO 
NOGO 
NOGO 

Gn 

GO 
GO 
GO 
GO 
CO 
GO 
GO 
GO 
Go 

Go 
GO 
GO 
GO 
GO 
Gn 
co 
GO 
GO 

GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
Go 
G‘l 
GO 
GO 
G’J 
GO 
Go 
GO 
GO 
GO 

on 

cn 

cn 
Gn 

Gn 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
60 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 

GO 
GO 
GO 
GO 

GO 

GO 
GO 
GO 
GO 
GO 

GO 
GO 
GO 
GO 

cn 

Go 

Gn 

Gn 

A l l A C H  
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
60 
GO 
GO 

NOGO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 

M G O  
NOGO 
NOGO 
NOGO 

GO 
GO 
GO 
GO 
GO 

w n  

GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 

GO 
GO 
GO 
Go 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 

NOGO 
NOGO 

GO 
Go 
GO 
GO 
GO 

NOGO 
GO 

NOGO 
GO 

NOGO 
GO 
GO 
GO 
GO 
GO 

Gn 

GEOM OVERALL 

GO 
W 
Go 
Go 
Go 
Go 
GO 
GO 
GO 
GO 
GO 
Go 
GO 
Go 
W 
Go 
GO 
GO 
Go 
GO 
GO 
GO 
GO 

NOGO 
NOGO 

GO 
GO 
GO 
GO 
Go 

NOGO 
GO 

NOGO 
Go 

N O W  
GO 
GO 
GO 
GO 
GO 

GO 
GO 
GO 
Go 
60 
GO 
Go 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 
GO 

NOGO 
NOGO 
NOGO 
NOGO 
NOGO 
NOGO 
NOGO 
WGo 
N O W  
NOGO 
NOGO 
NOGO 
NOGO 
mK.0 
NOW 
N O W  
NOGO 
NOGO 

Figure 14-17 SE PTER - MODE I: 
EXPERIMENTAL PAYLOADlMl SS I ONlVEH I C E  

1 

‘ i  

COMPATIBILITY SUMMARY 
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15.0 P R O G R A M  S E P T E R  M E T H O D O L O G Y -  

M O D E  I 1  

15.1 MODE I1 OPERATION 

Mode I1 operation and analysis  cons is t s  of t he  arrangement of multiple 
experimental payloads i n  the vehicle  so t h a t  (1) a preferred order (p r io r i ty )  
loading i s  used i n  the  arrangement according t o  ex terna l ly  prepared pre,€erence 
l i s t ( s ) ,  (2) no payload-vehicle or  payload-cavity o r  payload-payload incompati- 
b i l i t i e s  e x i s t ,  (3) the payload mass capabi l i ty  of the  mission/vehicle i s  not 
exceeded, and (4) t he  near-maximum number of experimental payloads within the 
placement policy mechanics of the  program a r e  placed aboard the vehicle from 
the preference l i s t .  Mode I1 output,  therefore ,  cons i s t s  of an arrangement of 
experimental payloads aboard the  vehicle i n  the preferred order with no incom- 
p a t i b i l i t i e s .  

15.2 LIBRARIES 

In  the  Mode I1 operation, def ini t ion-type l i b r a r y  data a re  supplied as a 
p a r t  of the  Mode I output.  These data a r e  l a rge ly  the  same a s  those provided 
by the Mission/Vehicle/Primary Payload Charac te r i s t ics  Library and the Experi- 
mental Payload Charac te r i s t ics  Library f o r  Mode I. In  Mode 11, however, some 
data  a r e  deleted (e.g., mission cha rac t e r i s t i c s )  and other  data a re  added a s  
a r e s u l t  of computations completed i n  the  Mode I operation. 
l i b r a r y  data which a r e  of most significance f o r  the Mode 11 operation a r e  
those which specify the  compatible cav i t i e s  f o r  each experimental payload. 
Other addi t ional  data  a r e  the  mass penal t ies  calculated a s  a r e s u l t  of acous- 
t i c s / v i b r a t i o n  def ic ienc ies  f o r  each experimental payload. 

The addi t iona l  

15.3 EXTERNAL ANALYSIS 

The external  ana lys i s  required for the  Mode I1 operation cons is t s  i n  com- 
p i l i n g  preference l is t (s) .  
payload identif icat isns in a preferred order of loading i n  a given vehicle  f o r  
a given mission. Although the. compatibil i ty and effect iveness  zutpzt data of 
Mode I a r e  obviously provided t o  a s s i s t  the  user  i n  the  formulation of pre- 
ference l is ts ,  any addi t iona l  data o r  methods of es tab l i sh ing  p r i o r i t y  may be 
used i n  a r r iv ing  a t  a preference l i s t .  
be formulated f o r  a given s e t  of experiments. 

These l is ts  a r e  simply a tabulat ion of experimental 

Several sets of preference l ists  may 

15,4 PROBLEM INPUT AND CONTROLS 

Inputs f o r  the  operation of Mode I1 cons i s t s  of a preference l i s t ,  a com- 
p a t i b i l i t y  l i b r a r y  deck, and problem cont ro l  data.  The preference l i s t  (card 
deck) i s  prepared by the  user of the program i n  order t o  e s t ab l i sh  the desired 
order  (p r io r i ty )  i n  which experimental payloads a r e  t o  be loaded aboard the  
vehicle .  The compatibi l i ty  l i b r a r y  card deck generated a s  output from the  
Mode I operation, contains:  (1) the  vehicle ,  cav i ty ,  and experimental payload 
descr ip t ion  data  obtained from the Mission/Vehicle/Primary Payload Character- 
i s t i c s  Library and t h e  Experimental Payload Charac te r i s t ics  Library of Mode I, 
and (2) computed compatibi l i ty  data from Mode I,  i .e. ,  the iden t i f i ca t ion  of 
a l l  c a v i t i e s  with which an experimental payload i s  compatible ( f i n a l  GO deci- 
s ion) ,  mass penal t ies  f o r  acoust ics /vibrat ion tolerance def ic iencies  ( i f  any), 
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and any l i b r a r y  overr ide data  which may have been used i n  Mode I. Problem 
con t ro l  and overr ide data (from card decks) cons i s t  o f ,  fo r  example, predeter- 
mined placements for  a r b i t r a r y  experiments and over r ides  for  l i b r a r y  data.  

15.5 MULTIPLE PAnOAD ARRANGEMENT LOGIC 

The purpose of the  mult iple  payload arrangement ana lys i s  i s  t o  determine 
the  arrangements of payloads i n  cav i t i e s  throughout the vehicle  i n  such a man- 
ner  t h a t  no incompat ib i l i t i es  occur within any c a v i t y  and t h a t  the payloads 
a r e  loaded i n  a preferred order.  
number of payloads within the ove ra l l  mass and volume l i m i t s  of the vehicle  
a re  the desired r e s u l t .  

Arrangements which w i l l  allow the g rea t e s t  

The arrangement ana lys i s  i s  an optimization problem, but optimization 
methods (except for  complete enumeration, which i s  not  feas ib le  because of 
the extremely la rge  number of possible  arrangements) a r e  not  r e a d i l y  appl icable  
Consideration of  the problem indica tes  t h a t  optimal arrangements w i l l  no t  
usua l ly  be unique. 
l i m i t  f o r  a cavi ty  divided by i t s  ava i lab le  volume is  genera l ly  a smaller 
number than the dens i t ies  of typ ica l  experiment#. In  addi t ion ,  the sum of the 
cav i ty  mass attachment l i m i t s  i s  usua l ly  g rea t e r  than the payload c a p a b i l i t y  
of the vehicle ,  
be encountered p r io r  t o  volume l i m i t s .  It i s  fu r the r  implied t h a t  the maximum 
number of experiments which can be loaded w i l l  depend more on the payload 
c a p a b i l i t y  of the  vehic le  than on the ava i l ab le  volume or  arrangement of the 
payloads i n  the vehicle .  Consequently, an attempt t o  apply a t rue  optimiza- 
t i o n  process to the problem appears t o  involve a degree of e f f o r t  not  j u s t i f i e d  
by the r e s u l t s  desired from t h i s  study. 

This conclusion i s  evident because the mass attachment 

This ind ica tes  t h a t  i n  loading the vehic le ,  mass limits w i l l  

In  Figure 15-1, a basic  ou t l ine  

C O Y A I N L  ann WlH O H Y  ONE i s fy ing  a l l  cons t r a in t s  and d i r e c t l y  

- 
R*cl U l W Y  IlACCYtNl J of an a l t e r n a t e  approach aimed a t  sa t -  

searching f o r  one of the non-unique 
"optimal" so lu t ions  o r  arrangements i s  
shown. The approach is  s imple  i n  con- 

It c o n s i s t s  of t h ree  i t e r a t i o n s ,  two 
of them contained within the th i rd .  

)mows *M ?mows 

I(W C o U A l H I I N  DAlA cept ,  but  i t s  app l i ca t ion  is  complex. 

R*cI IY*ININO tAVlOWS UIK) -(YYN~ or p~xows 
WID ON * O S 1  CmClcW LOWINO -8 MI)( I ~ W A P -  

111W W S  O1 wluu 

I I IU l ION O N  )LYIYM P U K Y  YOUDHwIINmRI1ID 15.5.1 Compatibil i ty Determined and 
OI l K H  CAWlV win KSRCl 10 U l l K S  Arb i t r a ry  Placements , 

. c 

The f i r s t  i t e r a t i o n  i n  Mode I1 
Figure 15-1 MULTIPLE PAYLOAD ARRANGEMENT LOGIC consists in the placement Of any pay- 

loads which have no choice of loca t ion .  
These placements may be a r b i t r a r y ,  a s  

determined by an overr ide opt ion,  or  they may be compatibility-determined by 
Mode I operation. This procedure must be i t e r a t e d  because the  placement of 
these payloads may l i m i t  o r  e l iminate  the  choice of o thers .  In  addi t ion ,  hid- 
den incompat ib i l i t i es  within the preference l ist  may be discovered. When t h i s  
occurs ,  the lower p r i o r i t y  incompatible payloads a r e  dropped from the  l i s t .  
When a l l  remaining payloads have a choice of l oca t ions ,  the f i r s t  i t e r a t i o n  is  
completed. 
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15.5.2 Optimal Arrangements 

The second i t e r a t i o n  c o n s i s t s , o f  a computational block based upon an 
a r b i t r a r y  set of ru l e s  f o r  placement (placement policy) of experimental pay- 
loads. 
arrangements. 
i c y  i s  a r b i t r a r y  and i s  influenced by the order i n  which c a v i t i e s  are selected.  
I f  no so lu t ion  i s  found, t he  t h i r d  i t e r a t i o n  i s  required because the  preference 
l i s t  must be shortened, and the  e n t i r e  procedure i s  repeated. 

The placement pol icy i s  applied cavity-by-cavity i n  search of possible 
I t e r a t i o n  is  required i n  t h i s  search because the placement pol- 

15.6 MODE I1 OUTPUT 

The output of Mode I1 i s  i n  the form of pr inted results consis t ing of the 
following types of data  (unless problem options specify otherwise) f o r  each 
problem: 

1. T i t l e  page and mission iden t i f i ca t ion  data.  Example r e s u l t s  a r e  
shown i n  Figure 15-2. 

2. Problem cont ro l  and preference l i s t  data ,  
i n  Figure 15-3. 

Example r e s u l t s  a r e  shown 

3 .  Iden t i f i ca t ion  of incompatible experimental payloads dropped from 
the preference l i s t .  Example r e s u l t s  a r e  shown i n  Figure 15-4. 

4. Compatibility a r ray  data. Example r e s u l t s  a r e  shown i n  Figure 15-5. 

5. Description of multiple experimental payload arrangements by cav i t i e s :  

a. Iden t i f i ca t ion  of experimental payloads contained i n  each cavity.  

b. Total  mass, volume, etc.,  contained i n  each cavi ty .  

c .  Remaining mass, volume, e t c . ,  i n  each cavi ty .  

Exaqle  r e s u l t s  a r e  shown in Figure 15-6. 

6. Summary t ab le  of experimental payload arrangements: 

a. Iden t i f i ca t ion  of the  cavi ty  i n  which each experimental payload 
is  contained ( i f  placed). 

b. Ide=tification of experimental payloads t h a t  have not been 
placed i n  a cavi ty .  

c.  Rank (p r io r i ty )  of each experimental payload i n  the  preference 
l i s t .  

d. Iden t i f i ca t ion  of vacant c a v i t i e s .  

An example summary t ab le  is shown i n  Figure 15-7. 
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P R O G R A M  S E P T E R  

S A T U R N  E X P E R I M E N T A L  P A V L O A O  

~ E C ~ N I C A L  E V A L U A T I O N  A N D  R A T I N G  

M O O E  1 1  

M U L T I P L E  E X P E R I M E N T  

C O M P A T I B I L I T Y  A N O  A R R A N G E N E W T  

A N 1 L V S I S  

F L I G H T  SA-207 

LAUNCH 15.0 J U N  1967 

EXCESS PAVLOAD C A P A B I L I T Y  10000.0 LO 

Figure 15-2  SEPTER -MODE II: 
TITLE AND MISSION IDENTIFICATION DATA 

EXPFHIMENT MS-  I HAS BEFN DROPPED FROM THE PREFERENCE L i s r .  
TnlS EXPERIMENT IS NOT COMPATIBLE Y l T H  4NV C b V l T V .  

F I P E R I M F N T  M I -  I H4S REEN OROPPEO FROM THE PREFERENCE L IST .  
rn is  EXPFRIMENT I S  NOT c o w A r i n L E  W I T H  ANI CAVITV. 

EXPERIMENT M I -  3 HAS REEN OROPPEO FROM THE PREFERENCE L I S T .  
T H I S  E X P t Y I W N T  IS NUT COMPATIBLE Y l T H  4NV CAVITY.  

t X P E R I M E N 1  M I -  5 H1S M E N  OROPPEO fROM r H E  PREFERENCE L I S T .  
rn is  EXPERIMENT I S  NOT C o n P i r i n L E  UITH ANI CAVITV. 

EXPERIMENT OFA- I M A S  REEN OROPPEO F R n M  THE PREFERENCE L I S T .  
T H I S  EXPERIMENT I S  NOT COMP4TIBLE WITH A N I  C A V I T V .  

isr. E X P E R I M E N T  SLG- I H I S  BEEN OROPPEO FROM THE PREFERENCE 
rn is  EXPERIMENT I S  NOT COMPATIBLE uirn ANY CAVITV. 

EXPERIMENT SLG- 3 H A S  BEEN OROPPEO FROM THE PREFERENCE 
T H I S  EXPERIMENT I S  NOT C O M P l T l B L E  Y l T H  ANV C A V I T V .  

EXPFRIMENT SLG- 4 H A S  REEN DROPPEO.FROM THE PREFERENCE 
THIS  EXPERIMENT I S  NOT COMPATIBLE WITH A N I  C A V I T Y .  

1ST. 

I S T .  

Figure 15-4 S E  PTER - MODE I I: 
IDENTIFICATION OF INCOMPATIBLE EXPERIMENTAL PAYLOADS 

PREFERENCE L i s r  NUMOER I 

THE P L I C E M E N T  P O L I C V  WILL BE BASE0 ON MASS. THE C A V I T I E S  

YILL BE REORDERED 22 r inEs BEFORE THE PREFERENCE L i s r  IS snonr- 
ENEO. A MAXIMUM OF 18 ARRANGEMENTS WILL IE A T r w r E o .  rnE POL- 

LOWING IS rnE PREFERRED OIOER OF PLACEMENT. 

PREFERENCE EXPER IMENT 

I 1  
12 
1 3  
I4  
I 5  
16 
17 
18 
I9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

M I -  I 
M I -  2 
M I -  3 
MI- 4 
M I -  5 

M- 1 
M- 2 
M- 3 
M- 4 
I C s  

OEA- I 
OCA- 2 
OEA- 3 
OEA- 4 
OEA- 5 
SLG- 1 
SLG- 2 
SLG- 3 
SLG- 4 
SLG- 5 

Figure 15-3 SE PTER - MODE I I: 
PROBLEM CONTROL AND PREFERENCE LIST DATA 

C O M P A T l R I L l T Y  ARRAV 

T H I S  C O M P L T I R I L I T V  ARRAV Y l L L  BE USE0 I N  DETERMINING PLACEMENTS 

00 I N C O M P A T I B L E I  IXX C~MP~TIBLE 

REF EXP 
I SOT- I 
2 SOT-  2 
3 SOT- 3 
4 SOT- 4 
5 SOT- 5 
6 MS- 2 
7 MS- 3 
n us- + 
9 MS- 5 
IO M I -  2 
I 1  M I -  k 
I? M- I 
1 3  M- 7 
I 4  M- 1 
I5 M- 4 
I 6  M- 5 
17 OE4- 2 
10  OFA-  3 
19 nEA- 4 
20 Q F 4 -  5 
2 1  SLG- 2 
22  SLG- 5 

C A V I T V  ZONF AND NUMRER 
1 1 1 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 k k  
1 2 3 1 2 3 4 5 6 7 1 2 3 4 5 6 7 B 1 2  

no 00 no 00 on 00 00 00 on 00 no 00 00 00 00 00 00 oo x x  x x  
x x  x x  x x  x x  x x  x x  X I  x x  x x  x x  x x  x x  x x  x x  xx  x x  x x  x x  xx  x x  
x x  x x  x x  00 x x  00 00 00 uu 00 00 x x  00 x x  00 x x  00 x x  00 00 
x x  x x  x x  no x x  no 00 00 00 00 00 x x  00 x x  no x x  00 x x  x x  x x  
on 00 00 00 no 00 00 00 on 00 00 00 on 00 w 00 uo 00 x x  x x  
x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  w x x  x x  x x  x x  x x  
x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  xx  X I  x x  x x  x x  x x  
x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  xx  x x  x x  x x  xx  x x  
x x  x x  x x  x x  X I  xx xx  x x  x x  x x  x x  x x  x x  x x  00 X I  x x  x x  x x  x x  
x x  x x  x x  x x  x x  x x  xx  00 oo x x  no x x  OD x x  OD x x  DO xx XI x x  
xx  x x  x x  on x x  00 00 no 00 00 ou x x  00 x x  uo x x  00 x x  x x  x x  
X X  XX XX XX X X  XX XX XX XX X X  XX XX XX XX 00 XX X X  XX XX XX 
xx  x x  x x  00 no on 00 00 00 00 x x  x x  x x  x x  xx  x x  x x  XI x x  x x  
x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  xx  x x  x x  xx  xx  x x  xx  x x  xx  x x  
on on on no on 00 00 00 no 00 00 00 OD 00 00 ou  00 00 x x  xx  
x x  x x  xx X I  x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  00 X I  x x  x x  x x  x x  
on 00 00 00 no 00 w no 00 00 00 00 00 00 uu nu ou nn xx  XI 
x x  x x  x x  xx  x x  x x  xx  x x  xx  x x  x x  x x  xx  x x  00 x x  x x  x x  00 00 
x x  x x  x x  x x  x x  x x  x x  x x  x x  x x  00 x x  00 x x  no x x  00 xx 00 00 
x x  x x  x x  x x  x x  x x  x x  00 on xx  00 x x  00 x x  00 X I  00 x x  xx  xx  
x x  x x  XI( 00 w on 00 w ou 00 x x  x x  xx  x x  x x  x x  x x  x x  00 00 
XX XX KX XX XX XX XX XX XX X X  XX XX X I  X x  00 XX XX XX XX XX 

k 4  
3 4  

x x  00 
xx  x x  
w 00 
x x  x x  
x x  00 
xx  x x  
x x  xx 
xx  x x  
x x  xx 
xx x x  
x x  x x  
x x  x x  
xx  xx  
x x  x x  
xx  x x  
xx  x x  
xx  x x  
on 00 
00 00 
x x  x x  
w 00 
xx x x  

I I N C n M P A T I P L f  C A V I T I E S  

5- 1 5- 2 5- 3 5- 4 5- 5 S- 6 5- 7 S- B 
6- 1 6- 2 6- 3 6- 4 6- 5 7- 1 7- 2 7- 3 
7- 5 7- 5 7- 6 7- 7- 8 7- 9 7-10 7-11 
7-12 7-13 7-14 7-15 

Figure 15-5 SE PTER - MODE I I: 
COMPATlB lL lM ARRAY - INCOMPATIBLE CAVITIES 
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Figure 15-6 SE PTER - MODE I I: MULTl PLE EXPERIMENTAL PAYLOAD ARRANGEMENT DESCRIPTION 

M U L T I P L E  EXPERIMENTAL PAVLOAO ARRANGEMENT SUIMARV 5 

X X  C O N T A I N E D  I N  -- NOT C O N l A l N E D  I N  00 UNPLACED I 

P R E F  EXP' 
I SOT- 1 
2 SOT- 2 
3 SOT- 3 
4 SOT- 4 
5 S i l i -  5 
6 MS- 2 
7 MS- 3 
8 M5- 4 
9 us- 5 

I 1  M I -  4 
12 M- 1 
13 M- 2 
14 M- 3 
15 M- 4 
16 M- 5 
17 OFA- 2 
18 OEA- 3 

20 OEA- 5 
21  SLG- 2 
22  SLG- 5 

i n  M I -  2 

.I I-._ I. I 7  "L" ~ 

C A V I T V  LONE AND NUMBER 
1 1 1 2 2 2 3 3 3  
1 2 3 1 5 7 1 2 4  

37 VACANT C A V I T I E S  

2- 2 2- 3 2- 4 2- 6 3- 3 3- 5 3- 7 6- 3 
4- 4 5- I 5- 2 5- 3 5- 4 5- 5 5- 6 5- 7 
5- 8 6- 1 6- 2 6- 3 6- 4 6- 5 7- I 7- 2 
7- 3 7- 4 7- 5 1- 6 7- 7 7- 0 7- 9 1-10 
7-11 7-12 1-13 7-14 1-15 

Figure 15-7 SE PTER - MODE I I: MULTIPLE EXPERIMENTAL PAYLOAD ARRANGEMENT SUMMARY 
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